Sistemas sostenibles de producción de leche en zonas húmedas con utilización de recursos de la explotación by Roca Fernández, Ana Isabel
 
 
UNIVERSIDAD DE SANTIAGO DE COMPOSTELA                                   
 





SUSTAINABLE MILK PRODUCTION 
SYSTEMS IN HUMID AREAS      
USING FARM RESOURCES 
 
 
SISTEMAS SOSTENIBLES DE PRODUCCIÓN DE LECHE 
EN ZONAS HÚMEDAS CON UTILIZACIÓN DE 




Ana Isabel Roca Fernández 
Spain, 2011
             ISBN 978-84-9887-727-4 (Edición digital PDF) 
 D. Antonio González Rodríguez, Doctor en Biología e Investigador Jefe de la 
Sección de Producción de Leche en el Centro de Investigaciones Agrarias de 
Mabegondo (CIAM), dentro del Instituto Gallego de Calidad Alimentaria (INGACAL), 
dependiente de la Consellería de Medio Rural de la Xunta de Galicia  y Dña. Mª. Elvira 
López Mosquera, Doctora en Biología y Profesora Titular del Departamento de 
Producción Vegetal en la Escuela Politécnica Superior del Campus de Lugo de la 






 Que la presente Tesis Doctoral titulada SUSTAINABLE MILK PRODUCTION 
SYSTEMS IN HUMID AREAS USING FARM RESOURCES “Sistemas sostenibles de 
producción de leche en zonas húmedas con utilización de recursos de la explotación” 
de la que es autora la Licenciada en Biología Ana Isabel Roca Fernández, ha sido 
realizada bajo nuestra dirección y consideramos que reúne las condiciones exigidas 
para optar al título de Doctor con Mención Europea. 
 
 
 Y para que conste a los efectos oportunos, firmamos el presente informe en 





Fdo. Dr. Antonio González Rodríguez               Fdo. Dra. Mª. Elvira López Mosquera 
       Investigador del CIAM       Profesora de la USC 
 Esta Tesis Doctoral ha sido realizada dentro del Proyecto de Investigación 
RTA2005-00204-00 titulado “Evaluación de la eficacia de sistemas sostenibles de 
producción de leche a través de la aplicación de sistemas de soporte de decisiones y de 
metodologías prácticas de estimación de la ingestión de nutrientes en explotaciones 
comerciales de Galicia”, financiado por el Instituto Nacional de Investigación y 
Tecnología Agraria y Alimentaria (INIA), del Ministerio de Educación y Ciencia, y ha sido 
desarrollada en el Centro de Investigaciones Agrarias de Mabegondo (CIAM), 
dependiente del Instituto Galego de Calidade Alimentaria (INGACAL) de la Consellería 
de Medio Rural de la Xunta de Galicia. Ana Isabel Roca Fernández ha sido beneficiaria 
de una beca Predoctoral de Formación de Investigadores de cuatro años de duración.  
 Durante la ejecución de la presente Tesis la becaria ha realizado cinco estancias 
en centros de investigación y universidades extranjeras, financiadas por el INIA:  
 - En el año 2008 ha efectuado una estancia en TEAGASC Moorepark Dairy 
Production Research Centre (Fermoy, Ireland) de cuatro meses de duración, siendo el 
tema objeto de estudio “Effect of herbage mass and daily herbage allowance on sward 
characteristics and dairy cow production using n-alkane determination in grass and 
ruminant faeces samples to calculate the intake and digestibility of the herbage”. 
 - En el año 2009 ha efectuado una estancia compartida entre AFBI Hillsborough 
(Hillsborough, United Kingdom) y Wageningen University (Wageningen, The 
Netherlands) de tres meses de duración, siendo los temas objeto de estudio “A 
comparison of the production performance, environmental impact and behaviour of 
two cow genotypes (Holstein-Frisian and Jersey x Holstein-Frisian crossbred) within a 
low input grazing system and a high input total confinement system” y “Variation in 
milk composition and milk fatty acid profile in relation to environmental variables”. 
 - En el año 2010 ha efectuado otra estancia en INRA, Agro-Campus Ouest UMR 
“Production du Lait” (Rennes, France) y Domaine Expérimental Animal « Le Pin au 
Haras » (Normandy, France) de tres meses de duración, siendo el tema objeto de 
estudio “L’influence de la race (Holstein ou Normande) et du niveau des apports 
nutritifs induit par le système fourrager et la conduite alimentaire sur l’évolution de la 
production laitière au cours du séjour sur une parcelle au pâturage (INRA, Domaine du 
Pin au Haras, 2000-2009)”.                                 
 - En el año 2011 ha efectuado una estancia predoctoral en DairyNZ (Hamilton, 
New Zealand) de dos meses de duración, siendo el tema objeto de estudio “Defoliation 
management of plantain and chicory to optimise herbage yield and quality”. 
 En el CIAM la becaria ha participado en el año 2010 en el desarrollo de tres 
proyectos FEADER de Transferencia Tecnológica del Agro Gallego, relativos a: 
- La recría de novillas de raza frisona en pastoreo para la producción de leche en 
condiciones gallegas (Nº protocolo 10/65). 
- Mejora de la estrategia de manejo de los ganaderos para aumentar la calidad, e 
incrementar el valor añadido, controlando el perfil de ácidos grasos de la leche. 
Determinación del CLA. (Nº protocolo 10/66). 
- Tecnología de apoyo al manejo del pastoreo en explotaciones ecológicas y 
sostenibles. Difusión del “presupuesto forrajero” como base de uso de los 
recursos propios. (Nº protocolo 10/67). 
 Durante la ejecución de esta Tesis tres trabajos han resultado premiados: 
 - IX Premio Cristóbal de la Puerta otorgado en el año 2009 por Editorial Agrícola 
Española al mejor artículo sobre ganadería. 
 - Premios otorgados en los años 2008 y 2009 a los mejores pósters presentados 
en la XLVII y XLVIII Reuniones Científicas de la Sociedad Española para el Estudio de los 
Pastos (SEEP) en las secciones de Producción Animal, Ecología y Botánica de Pastos.  
 La becaria ha resultado también beneficiaria de tres ayudas concedidas para la 
asistencia y presentación de trabajos de investigación en Reuniones Científicas: 
 -  Ayudas IN810A-2008 y IN810A-2010 otorgadas por la Consellería de 
Innovación e Industria de la Xunta de Galicia para la asistencia a la XLVII Reunión 
Científica de la SEEP y al 23rd General Meeting of the European Grassland Federation.
 - EAAP Scholarship otorgada en 2010 a jóvenes investigadores para la asistencia 



























To my father (Avelino)  
   To my grandmother (Fina) 
 To my grandfather (Higinio)  
ACKNOWLEDGEMENTS 
 Firstly, I would like to acknowledge the Ph.D. fellowship granted by the Instituto 
Nacional de Investigación y Tecnología Agraria y Alimentaria (INIA) under the reseach 
project RTA2005-00204-00 carried out at the Centro de Investigaciones Agrarias de 
Mabegondo (CIAM, Galicia), depending on the Instituto Gallego de Calidad Alimentaria 
(INGACAL) of the Consellería de Medio Rural at the Xunta de Galicia, for their financial 
and technical support during my work in Spain and the Ph.D. stays abroad and to the 
Laboratorio Agrario y Fitopatológico de Galicia (LAFIGA) and to the Laboratorio 
Interprofesional Gallego de Análisis do Leche (LIGAL) for the analysis of all the samples.  
  I am too grateful to the TEAGASC Moorepark Dairy Production Research Centre 
(Fermoy, South of Ireland), AFBI Hillsborough Agri-Food and Biosciences Institute 
(Hillsborough, United Kingdom), WU Wageningen University (Wageningen, The 
Netherlands), INRA Agro-Campus Ouest UMR “Production du Lait” (Rennes, France), 
Domaine Expérimental Animal “Le Pin au Haras” (Normandy, France), DairyNZ 
Research Centre (Hamilton, New Zealand) and University of Santiago de Compostela 
throught the EPS Ingenieros Agrónomos (Lugo, Spain) and Máster en Industria y 
Economía Lechera for all their assistance in the Doctorate internships realized abroad.  
I would like to acknowledge with my sincere gratitude to my director, Dr. 
Antonio González Rodríguez, who had the most challenging task of introducing me to 
the techniques operating in Grassland Management and Milk Production Systems in 
Humid Areas to enhance Sward and Milk Quality. He is not only served as a mentor in 
my Ph.D., but he had already put in it endless hours of enthusiastic review. I would also 
like to thank my tutor Dra. Mª. Elvira López Mosquera for the confidence instilled in 
me, without her help I wouldn’t be in this position today. I greatly appreciate the 
guidance, kindness, friendship and support that they both always provided. 
 Special thanks to all my supervisors abroad: Dr. Michael O´Donovan, Dr. Conrad 
Ferris, Dra. Anjo Elgersma, Mr. Luc Delaby, Mr. Remy Delagarde and Mr. Dave Clark for 
give me the opportunity to work under their supervision and let me learn more about 
their projects through their valuable comments and suggestions. 
  A mention is too due to the head at the CIAM, Mr. Juan Castro Insua, and at the 
LAFIGA, Mr. Jaime Fernández Paz, and to the heads of the Animal Production and 
Grassland Science Departments in Mabegondo, Dr. Jaime Zea Salgueiro, Dra. Mercedes 
Mezo Menéndez and Mr. Juan Piñeiro Andión, and to the head at Moorepark Dairy 
Production Department, Dr. Pattrick Dillon, to the head at AFBI Hillsborough, Dr. 
Alistair Carson, to the head at INRA St-Gilles UMR “Production du Lait”, Dr. Philippe 
Faverdin, and to the head at Domaine Expérimental Animal “Le Pin au Haras”, Mr. Yves 
Gallard, and to the Scientist Chief at DairyNZ, Dr. Eric Hillerton, for the facilities made 
available to me during this Thesis and for their kind support. 
 Thanks to Dr. Julián Barrera, from INIA, for always being available to response 
all my doubts and to Dra. Dolores Báez, Dra. Pilar Castro, Dr. Julio López, Dra. Laura 
Campo, Dra. Teresa Moreno, Mr. Bruno Fernández, Dr. Ignacio Garabal, Mr. Juan 
Valladares and Mr. José Salvatierra for the work time shared. Friendly thanks are 
extended to my colleagues in Spain (Meri, Espe, Cris, Mira, Ana, Belén, Laura, Alicia, 
Chus and Sonia) and abroad (James Curran, Mary McEvoy, Emer Kennedy, Elaine 
Vance, Andrew Dale, Ryan Law, Randy, Ségolene Leurent, Loïc, Felita and Julia Lee) and 
to all the staff in the Grassland Science Department at the CIAM to help me with the 
samples (Pablo, Laura, Suso, Mª. José and Emma, etc.) and José Antonio Fernández 
Casado, Raquel, David, Loli, Sandra, Ordás, José, etc. at the LAFIGA and Eugenia, in the 
Library, and Rosi, Angeles, Marga, Mª. Luz and Isabel, in the office. A gratitude too to 
the people who work in the Dairy Section at the CIAM (Dr. Gonzalo Flores, Dr. César 
Resch, Paula, Mari Carmen, Montaos, Nuria, J. Manuel, Uzal, Alberto, Jaime, Matías, 
Juan, Fran, Uxío and Mª. José, etc.). Also, the acknowledgments are to professors and 
students at the Máster en Industria y Economía Lechera and to Valsextoso dairy farm.  
 Finally, thanks to all my family (aunts, uncles and cousins) for your support, to 
whom this thesis is dedicated, mainly to my mum (Fe) and boyfriend (José) for your 
love as well as my close-friends (Amee, Ana, Al, Sonia, Rebe, Bea, Nisa, Oscar, David, 
Víctor, Silvia, Nando, Maika, Rachel, Manuel, etc.) for your endless hours of friendship 
and confidence. And to my future goddaughter, Laura, all my affection and care. 






















































    TABLE OF CONTENTS         Page  
INDEX ………………………………………………………………………………………………………………………………….……… III-VIII 
LIST OF PHOTOS …………………………………………………………………………………………………………………………. IX 
LIST OF TABLES …………………………………………………………………………………………………………………………… X-XI 
LIST OF FIGURES ………………………………………………………………………………………………………………………… XII-XIII 
GLOSSARY OF TERMS ………………………………………………………………………………………………………………… XIV-XV 
THESIS ABSTRACT ………………………………………………………………………………………………………………………. XVI-XXIII 
RÉSUMÉ DE THÈSE …………………………………………………………………………………………………………………….. XXIV-XXXII 
RESUMEN DE TESIS ……………………………………………………………………………………………………………………. XXXIII-XLI 
RESUMO DA TESE ………………………………………………………………………………………………………………………. XLII-L 
CHAPTER I. BACKGROUND AND OBJECTIVES ………………………………………………….……………………….. 1-10 
I.1.- BACKGROUND …………………………………………………………………………………………………………………………… 3 
I.2.- OBJECTIVES ……………………………………………………………………………………………………………………………. 4 
I.2.1.- Pasture Intake under Grazing Management ………………………………………………………................ 5 
I.2.2.- The Grazing System …………………………………………………………………………………………………………… 6 
I.2.3.- Milk Quality: The Fatty Acids Profile ………………………………………..………………………………………….. 7 
Resumen Capítulo I. ………………………………………………………………………………………….…………………………….. 7 
CHAPTER II. CONTEXT OF THE THESIS …………………………………………………………………………………..………….11-33 
II.1.- PASTURES FOR MILK PRODUCTION SYSTEMS IN HUMID AREAS ……………………………………………….13-18 
II.1.1.- Milk Production in Europe: From Milk Quotas Scenario to its Abolition ………………………… 13 
II.1.2.- Efficient Pasture-Based Milk Production Systems and Constraints ………………………………… 15 
II.2.- THE ROLE OF GALICIA IN EUROPEAN MILK PRODUCTION ……………………..…………………….……………19-27 
II.2.1.- Galicia: Its Potential for Grass and Milk Production ………………………………….…………………… 21 
II.2.2.- From Commercial Dairy Farms to Mabegondo Dairy Farm Model …….………………………….. 24 
II.3.- LIST OF REFERENCES …………….…………………………………………………………………………………………….. 27 
Resumen Capítulo II. ………………………………………………………………………………………………………….......... 31 
CHAPTER III. LITERATURE REVIEW …………………………………………………………………………………………….. 34-208 
III.1.- THE PASTURE …………………………………………………………………………………………………………………… 36-81 
III.1.1.- Sward Characteristics …………………………………………………………………………………………………. 38 
III.1.1.1.- Grass and Legume Species ……………………………………………………………………………………. 38 
III.1.1.2.- Sward Botanical Composition ………………………………………………………………………………. 41 
III.1.1.3.- Seasonality in Grass Production ……………………………………………………………………………. 43 
III.1.2.- Sward Quality ………………………….…………………………………………………………………………………… 45 
III.1.2.1.- Chemical Constituents of Pastures ………………………………………………………………………… 45 
III.1.2.2.- Grass Feeding Value and Digestibility of Pastures ……..…………………………………………… 54 
III.1.3.- Forage Conservation and Supplementation ………..…………………………………………..…………… 60 
III.1.4.- Grass Feed Budgeting …….…………………………………..……………………………………………..………… 68 
III.1.5.- List of References ……………………………………………………………………………………..…………………. 70 
Resumen Capítulo III.1. ……………….……………………..………………..……………………………………………………. 80 
III.2.- THE DAIRY COW ………………………….…………………………………………………………………………………….. 82-140 
III.2.1.- Animal Factors Affecting Milk Performance ..................................................................... 84 
III.2.2.- Energy Balance and Rumen Function ............................................................................... 91 





III.2.3.1.- Milk Chemical Composition ………………………………………………………………………………….. 97 
III.2.3.2.- The Fatty Acids Profile ................................................................................................ 103 
III.2.3.2.1.- Saturated, Unsaturated and Trans- Fatty Acids ………………...……………………………. 108 
III.2.3.2.2.- Conjugated linoleic acid ........................................................................................ 111 
III.2.4.- List of References ……………………………………………………………………………………..…………………. 121 
Resumen Capítulo III.2. ................................................................................................................... 138 
III.3.- FEEDING THE COW AT PASTURE ............................................................................................. 141-174 
III.3.1.- Grazing Grass ……………………….……………………………………………………………….……….……………. 143 
III.3.1.1.- Grass as a Main Source of Nutrients for Milk Production ………….……………………………. 147 
III.3.1.2.- Methods and Equations for Determination of Pasture Intake .................................... 149 
III.3.1.3.- Milk Urea Content: The Energy-Protein Balance ........................................................ 152 
III.3.2.- Feeding Supplements at Pasture ...................................................................................... 155 
III.3.2.1.- Substitution Rate and Milk Response at Pasture  ....................................................... 156 
III.3.2.2.- Supplements: Forage (Grass and Maize Silage) and Concentrate ………………………….. 160 
III.3.3.- List of References …………….………………………………………………………………………..………………… 163 
Resumen Capítulo III.3. ................................................................................................................... 170 
III.4.- THE GRAZING SYSTEM ………………………………………………..………………..…………………………………… 175-208 
III.4.1.- Defoliation, Sward Height and Methods of Herbage Mass Determination …………..……… 177 
III.4.2.- Continuous vs. Rotational Grazing Systems ………………………………………..……………..………… 185 
III.4.3.- The Cow Adapted to the Dairy System ……………………………………………………………………….. 191 
III.4.3.1.- Dairy Cows Behaviour at Pasture ………………………………………………………………..………… 191 
III.4.3.2.- Choosing an Appropriate Dairy Cow  ………………………………………………………..……………. 196 
III.4.4.- List of References ……………………………………………………………………………………………….……….. 198 
Resumen Capítulo III.4. ................................................................................................................... 206 
CHAPTER IV. EXPERIMENTAL TRIALS.............................................................................................. 209-415 
IV.0.- EXPERIMENTAL DESIGN, TREATMENTS AND SPECIFIC OBJECTIVES ....................................... 211-219 
IV.0.1.- Pasture Intake under Grazing Management ………………………………………………………................ 213 
IV.0.2.- The Grazing System ………………………………………………………………………………………………………….. 214 
IV.0.3.- Milk Quality: The Fatty Acids Profile …………………………………………………………………………….. 216 
IV.0.4.- Other Research Trials …………………………………………………………………………………..…………………. 217 
IV.1.- PASTURE INTAKE UNDER GRAZING MANAGEMENT ............................................................. 220-282 
IV.1.1.- Trial CIAM. Stocking Rate and Stage of Lactation ............................................................ 222-255 
Effect of Stocking Rate on Perennial Ryegrass Swards Quality, Pasture Dry Matter Intake 
and Milk Performance of Holstein-Friesian Dairy Cows at Different Stages of Lactation 
 
Abstract ...................................................................................................................................... 223 
IV.1.1.1.- Introduction ............................................................................................................... 224 
IV.1.1.2.- Materials and Methods ............................................................................................. 226 
IV.1.1.2.1.- Weather Climatic Conditions ............................................................................... 226 
IV.1.1.2.2.- Experimental Design and Treatments .................................................................. 227 
IV.1.1.2.3.- Animals and Supplementation at Pasture  ............................................................ 227 
IV.1.1.2.4.- Grazing Management …………………………………………................................................ 228 
IV.1.1.2.5.- Sward Measurements and Chemical Composition ……………………………………………. 229 





IV.1.1.2.7.- Animal Measurements ......................................................................................... 230 
IV.1.1.2.8.- Statistical Analysis ............................................................................................... 231 
IV.1.1.3.- Results ....................................................................................................................... 231 
IV.1.1.3.1.- Grazing Management .......................................................................................... 231 
IV.1.1.3.2.- Sward Measurements and Quality ………………….…................................................. 232 
IV.1.1.3.3.- Milk Performance and Quality .............................................................................. 237 
IV.1.1.4.- Discussion .................................................................................................................. 239 
IV.1.1.4.1.- Grazing Management ........................................................................................... 240 
III.1.1.4.2.- Sward Measurements and Quality ........................................................................ 242 
III.1.1.4.3.- Milk Performance and Quality ……………................................................................. 245 
IV.1.1.5.- Conclusions ................................................................................................................ 248 
IV.1.1.6.- Acknowledgements ................................................................................................... 249 
IV.1.1.7.- List of References …………………………………………………………………………………………………… 250 
Resumen Capítulo IV.1.1. ............................................................................................................. 255 
IV.1.2.- Trial Moorepark. Sward Structure: Herbage Mass and Daily Herbage Allowance ........... 256-282 
Effect of Pre-Grazing Herbage Mass and Daily Herbage Allowance on Perennial Ryegrass 
Swards Structure, Pasture Dry Matter Intake and Milk Performance of Holstein-Friesian 
Dairy Cows 
 
Abstract ...................................................................................................................................... 258 
IV.1.2.1.- Introduction ............................................................................................................... 259 
IV.1.2.2.- Materials and Methods ........................................................................................... 260 
IV.1.2.2.1.- Weather Climatic Conditions ............................................................................... 261 
IV.1.2.2.2.- Experimental Design and Treatments .................................................................. 261 
IV.1.2.2.3.- Animals and Grazing Groups ................................................................................ 262 
IV.1.2.2.4.- Grazing Management .......................................................................................... 262 
IV.1.2.2.5.- Sward Measurements .......................................................................................... 263 
IV.1.2.2.6.- Pasture Dry Matter Intake ................................................................................... 265 
IV.1.2.2.7.- Animal Measurements ......................................................................................... 265 
IV.1.2.2.8.- Statistical Analysis ............................................................................................... 266 
IV.1.2.3.- Results ....................................................................................................................... 266 
IV.1.2.3.1.- Grazing Management .......................................................................................... 266 
IV.1.2.3.2.- Sward Structural Characteristics .......................................................................... 268 
IV.1.2.3.3.- Pasture Dry Matter Intake .................................................................................. 270 
IV.1.2.3.4.- Animal Performance ............................................................................................ 271 
IV.1.2.4.- Discussion .................................................................................................................. 272 
IV.1.2.4.1.- Grazing Management .......................................................................................... 273 
IV.1.2.4.2.- Sward Structural Characteristics .......................................................................... 273 
IV.1.2.4.3.- Pasture Dry Matter Intake ................................................................................... 275 
IV.1.2.4.4.- Animal Performance ............................................................................................ 276 
IV.1.2.4.5.- Milk Output and Milk Solids per Hectare .............................................................. 278 
IV.1.2.5.- Conclusions ................................................................................................................. 278 
IV.1.2.6.- Acknowledgements ................................................................................................... 279 
IV.1.2.7.- List of References …………………………………………………………………………………………………… 279 





IV.2.- THE GRAZING SYSTEM .......................................................................................................... 283-353 
IV.2.1.- Trial Pin au Haras. Residence Time on Pasture, Supplementation and Type of Cow …….. 285-321 
Effect of Simplified Rotational Grazing System on Milk Performance of Holstein-Friesian 
and Normande Cows Managed at Two Levels of Supplementation at Pasture 
 
Abstract ...................................................................................................................................... 286 
IV.2.1.1.- Introduction ............................................................................................................... 287 
IV.2.1.2.- Materials and Methods ............................................................................................. 291 
IV.2.1.2.1.- Weather Climatic Conditions ……………………………………………………………………………. 291 
IV.2.1.2.2.- Experimental Design and Treatments ………………………………………………………………. 291 
IV.2.1.2.3.- Animals and Herd Management ………………………………………………………………………. 292 
IV.2.1.2.4.- Feeding Strategy and Grazing Management …………………………………………………….. 293 
IV.2.1.2.5.- Sward Measurements ………………………………………………………………………………………. 295 
IV.2.1.2.6.- Animal Measurements …………………………………………………………………………………….. 296 
IV.2.1.2.7.- Statistical Analysis ……………………………………………………………………………………………. 297 
IV.2.1.3.- Results ....................................................................................................................... 298 
IV.2.1.3.1.- Feeding Strategy and Grazing Management …………………………………………..………… 298 
IV.2.1.3.2.- Animal Performance over the Grazing Season and on the Entire Lactation …….. 299 
IV.2.1.3.3.- Maximum of Milk Yield and Drop of Milk in a Grazing Cycle …………………………….. 302 
IV.2.1.4.- Discussion .................................................................................................................. 305 
IV.2.1.4.1.- Feeding Strategy and Grazing Management ………………………..…………………………… 306 
IV.2.1.4.2.- Animal Performance over the Grazing Season and on the Entire Lactation …….. 308 
IV.2.1.4.3.- Maximum of Milk Yield and Drop of Milk in a Grazing Cycle …………………………….. 312 
IV.2.1.5.- Conclusions ................................................................................................................ 313 
IV.2.1.6.- Acknowledgements .................................................................................................... 315 
IV.2.1.7.- List of References …………………………………………………………………………………………………… 315 
Resumen Capítulo IV.2.1. ............................................................................................................. 321 
IV.2.2.- Trial Hillsborough. Feeding System on Cow Behavior: Grazing vs. Confinement ….…….. 322-353 
Behaviour of Two Cow Genotypes (Holstein-Friesian vs. Jersey crossbreed) in Two Milk 
Production Systems (Grazing vs. Confinement) 
 
Abstract .................................................................................................................................... 323 
IV.2.2.1.- Introduction ............................................................................................................... 324 
IV.2.2.2.- Materials and Methods .............................................................................. 327 
IV.2.2.2.1.- Weather Climatic Conditions ……………………………………………………………………………. 327 
IV.2.2.2.2.- Experimental Design, Animals and Treatments ………………………………………………… 328 
IV.2.2.2.3.- Grazing Management and Confinement Feeding ……………………………………………… 328 
IV.2.2.2.4.- Sward Measurements ……………………………………………………………………………………… 330 
IV.2.2.2.5.- Animal Measurements …………………………………………………………………………………….. 330 
IV.2.2.2.6.- Recording Animal Behavioral Activities ……………………………………………………………. 331 
IV.2.2.2.7.- Statistical Analysis ……………………………………………………………………………………………. 331 
IV.2.2.3.- Results ....................................................................................................................... 331 
IV.2.2.3.1.- Grazing Management and Confinement Feeding ……………………………………………… 331 
IV.2.2.3.2.- Sward Measurements ………………………………………………………………….…………………… 332 
IV.2.2.3.3.- Animal Performance ………………………………………………………………………………………… 332 





IV.2.2.4.- Discussion .................................................................................................................. 336 
IV.2.2.4.1.- Animal Response to Cow Genotype and Milk Production System …………………….. 337 
IV.2.2.4.2.- Feeding Behaviour Response to Cow Genotype and Milk Production System … 339 
IV.2.2.4.3.- Other Behavioral Responses to Cow Genotype and Milk Production System …… 343 
IV.2.2.5.- Conclusions ................................................................................................................ 347 
IV.2.2.6.- Acknowledgements ................................................................................................... 348 
IV.2.2.7.- List of References …………………………………………………………………………………………………… 348 
Resumen Capítulo IV.2.2. ............................................................................................................. 353 
IV.3.- MILK QUALITY: THE FATTY ACIDS PROFILE ......................................................................... 354-415 
IV.3.1.- Trial CIAM. Forage Source on Milk Fatty Acids Profile: Grazing vs. Silage ........................ 356-392 
Effect of Forage Source (Grazing vs. Silage) on Conjugated Linoleic Acid Seasonal 
Variation in  Milk Fat of Holstein-Friesian Dairy Cows from Galicia (NW Spain) 
 
Abstract...................................................................................................................................... 357 
IV.3.1.1.- Introduction ............................................................................................................... 358 
IV.3.1.2.- Materials and Methods ............................................................................................. 361 
IV.3.1.2.1.- Weather Climatic Conditions ............................................................................... 361 
IV.3.1.2.2.- Experimental Design, Treatments and Feeding Regimes ………………………............. 362 
IV.3.1.2.3.- Animals and Forage Herds .................................................................................. 363 
IV.3.1.2.4.- Grazing Management ........................................................................................... 363 
IV.3.1.2.5.- Sward Measurements and Chemical Composition ............................................... 364 
IV.3.1.2.6.- Pasture, Silage and Concentrate Dry Matter Intake …………………………………………. 365 
IV.3.1.2.7.- Animal Measurements, Sampling and Milk Analysis  ........................................... 366 
IV.3.1.2.8.- Extraction of Milk Lipids ........................................................................................ 367 
IV.3.1.2.9.- Pre-Concentration of Milk Lipids by Solid Phase Extraction ……………………………… 367 
IV.3.1.2.10.- Derivatisation …………………………………………………………………………………………………. 367 
IV.3.1.2.11.- Gas Chromatography-Mass Spectrometry Determination ……………………………… 368 
IV.3.1.2.12.- Statistical Analysis ............................................................................................... 368 
IV.3.1.3.- Results ....................................................................................................................... 369 
IV.3.1.3.1.- Grazing Management ........................................................................................... 369 
IV.3.1.3.2.- Pasture, Silage and Concentrate Dry Matter Intake ………………………………………… 369 
IV.3.1.3.3.- Animal Performance ............................................................................................ 370 
IV.3.1.3.4.- Milk Fatty Acids Profile ......................................................................................... 371 
IV.3.1.4.- Discussion ……………………………………………………………………………………………………………… 374 
IV.3.1.4.1.- Grazing Management ........................................................................................... 375 
IV.3.1.4.2.- Pasture, Silage and Concentrate Dry Matter Intake …………………………………….…… 377 
IV.3.1.4.3.- Animal Performance ………………………………………………………………………………………… 378 
IV.3.1.4.4.- Milk Fatty Acids Profile ......................................................................................... 379 
IV.3.1.5.- Conclusions ................................................................................................................ 383 
IV.3.1.6.- Acknowledgements ................................................................................................... 383 
IV.3.1.7.- List of References ………………………………………………………………………………………………….. 384 
Resumen Capítulo IV.3.1. ............................................................................................................. 391 
IV.3.2.- Trial CIAM. Concentrate Source on Milk Fatty Acids Profile: Cottonseed vs. Barley ........ 393-415 
Effect of Concentrate Source (Cottonseed vs. Barley) on Milk Fatty Acids Profile of 
Confined Holstein-Friesian Cows 
 
Abstract ...................................................................................................................................... 395 
IV.3.2.1.- Introduction ............................................................................................................... 396 
IV.3.2.2.- Materials and Methods .............................................................................................. 398 
IV.3.2.2.1.- Animals, Treatments and Feeding Regimes ……………………………………………………… 399 





IV.3.2.2.3.- Animal Measurements, Sampling and Milk Analysis …………………………………………. 400 
IV.3.2.2.4.- Statistical Analysis ……………………………………………………………………………………………. 401 
IV.3.2.3.- Results and Discussion ............................................................................................... 401 
IV.3.2.3.1.- Animal Measurements and Milk Performance ………………………………………………… 401 
IV.3.2.3.2.- Milk Fatty Acids Profile …………………………………………………………………………………….. 404 
IV.3.2.4.- Conclusions ................................................................................................................ 409 
IV.3.2.5.- Acknowledgements ................................................................................................... 410 
IV.3.2.6.- List of References …………………………………………………………………………………………………… 410 
Resumen Capítulo IV.3.2. ................................................................................................................ 415 
CHAPTER V. GENERAL DISCUSSION ................................................................................................ 416-533 
V.1.- PASTURE INTAKE UNDER GRAZING MANAGEMENT………….……………..…….…………………………… 420-439 
V.1.1.- Sward Measurements and Animal Performance …………………………………………………………… 421 
V.1.2.- Sward Quality: Structural Characteristics and Chemical Composition ………………………..…. 425 
V.1.3.- Pasture Dry Matter Intake and Daily Herbage Allowance ……………………………………………… 433 
V.1.4.- Milk Output per Cow and per Hectare ………………………………………………………………………… 437 
V.2.- THE GRAZING SYSTEM ............................................................................................................. 440-460 
V.2.1.- Feeding Supplements at Pasture and Milk Performance ………………………………………………. 442 
V.2.2.- Feeding Strategy in Grazing Systems ……………………………………………………………………………. 447 
V.2.3.- Cow Genotype, Animal Behaviour and Milk Production System …………………………………… 454 
V.3.- MILK QUALITY: THE MILK FATTY ACIDS PROFILE ..................................................................... 461-471 
V.3.1.- Grazed Grass and CLA Content on Milk ………………………………………………………………………… 463 
V.3.2.- Supplementation with Oilseeds and CLA Content on Milk ………………….………………………… 467 
V.4.- OTHER RESEARCH TRIALS …………………………………………………………………………………………………… 472-487 
V.4.1.- Assessment of Pasture on Offer, Sward Quality and Grazing Management ……………..… 474 
V.4.1.1.- Measuring Herbage Mass by Non-Destructive Methods …………………………………………. 475 
V.4.1.2.- Macronutrients in Mixed Swards Determined by NIRS ……………………………………………. 478 
V.4.1.3.- Management of Dairy Heifers at Pasture (CIAM Replacement System) ………………….. 479 
V.4.2.- Milk Chemical Composition and Quality ……………………………………………………………………….. 480 
V.4.2.1.- Milk Urea Content as a Tool for the Diagnosis of the Ration …………………………………… 481 
V.4.2.2.- Seasonal Variation in Milk Composition ………………………………………………………………….. 484 
V.4.3.- Environmental Aspects …………………………………………………………………………………………………. 485 
V.4.3.1.- Nitrogen Balance in Dairy Cows at Pasture …………………………………………………………….. 485 
V.4.3.2.- Nitrous Oxide Emissions from Pastures ………………………………………………………………….. 487 
V.5.- IMPLICATIONS ......................................................................................................................... 488-499 
V.5.1.- Herbage Mass and Grazing Sward Heights ……………………………………………………………………. 490 
V.5.2.- Grazing Calendar: Make Grass Available to Animals ……………………………………………………… 491 
V.5.3.- Using the Grassland Area: Grazing Management Practices …………………………………………… 492 
V.5.4.- Grass Feed Budgeting: Adjusting Grass Supply to Cow Needs at Lactation …………………… 495 
V.5.5.- Sward Quality: Structural Characteristics and Chemical Composition ………………………..…. 496 
V.5.6.- Milk Quality: Chemical Composition and Fatty Acids Profile …………………………………………. 498 
V.6.- FUTURE RESEARCH WORKS ..................................................................................................... 500-503 
V.7.- LIST OF REFERENCES …………………………………………………………………………………………………………… 504-525 
Resumen Capítulo V. ....................................................................................................................... 526-535 
CHAPTER VI. CONCLUSIONS ……………………………………….……………………………………………………………… 536-554 
Conclusiones Capítulo VI. ………………………………………………………………………….………………………………. 545 
CHAPTER VII. PUBLICATIONS FROM THE THESIS ……………………….……………………….……..……………… 555-562 
VII.1.- PASTURE INTAKE UNDER GRAZING MANAGEMENT ………………………………………………………… 557 
VII.2.- THE GRAZING SYSTEM ……………………………………………………………………………………………………… 558 
VII.3.- MILK QUALITY: THE FATTY ACIDS PROFILE ……………………………………………………………………… 559 





  LIST OF PHOTOS 
Photo Chapter   Title Page 
   
 Table of contents Land distribution on dairy farms from Galicia (NW Spain). I 
I. Background and Objectives 
 
Dairy heifers grazing on the Other Research Trials 4.1.3.- 
Management of Dairy Heifers at Pasture (CIAM Replacement 
System) conducted at CIAM Galicia (Spain) during spring-
winter 2009.   
1 
II. Context of the Thesis Holstein-Friesian cows grazing on the Experimental Trial 1.1.- 
Stocking Rate and Stage of Lactation conducted at CIAM 
Galicia (Spain) during spring-summer 2007. 
11 
III. Literature Review Holstein-Friesian cows grazing in a Galician dairy farm 
“Valsextoso” (Monfero, A Coruña) from the Transfer Project 
on Dairy Herd Replacement conducted by CIAM Galicia 
(Spain) during spring-winter 2010. 
34 
IV. Experimental Trials Holstein-Friesian and Jersey crossbreed cows grazing on the 
Experimental Trial 2.2.- Feeding System on Cow Behaviour: 
Grazing vs. Confinement conducted at AFBI Hillsborough 
(United Kingdom) during summer 2009. 
209 
V. General Discussion Holstein-Friesian cow grazing on the Experimental Trial 1.2.- 
Sward Structure: Herbage Mass and Daily Herbage Allowance 
conducted at TEAGASC Moorepark (Ireland) during spring-
autumn 2008. 
416 
VI. Conclusions Holstein-Friesian and Normande cows grazing on the 
Experimental Trial 2.1.- Residence Time on Pasture, 
Supplementation and Type of Cow conducted at INRA “Le Pin 
au Haras” (France) during spring-winter 2010. 
534 
VII. Publications from the Thesis Holstein-Friesian cows grazing on the Experimental Trial 3.1.- 
Forage Source on Milk Fatty Profile: Grazing vs. Silage 

























LIST OF TABLES 
Table Chapter  Title Page 
II.2.1. Estimation of pasture growth (kg DM/day) across the main grazing season in five 
locations of Galicia situated at three levels of altitude. 
23 
III.1.1.2.1 Quality and productivity levels of the major forage species found in Galician 
pastures. 
42 
III.1.1.2.2. Percentages of the main forage components and sward quality values in the 
council of Abegondo (Galicia, NW Spain) for permanent and sown pastures. 
43 
III.1.2.2. Relationship between the proportion of live leaf and organic matter digestibility. 57 
III.1.3. The relative cost of grazed grass, grass and maize silage, and concentrate feed in 
cows’ ration for two land rental charges in Ireland (250 or 450 €/ha). 
66 
III.2.3.1. Milk price (€/100kg) and premiums got by farmers at Galicia in 2009. 103 
III.2.3.2.2.1. Factors affecting the conjugated linolenic acid content in milk fat from ruminants. 113 
III.2.3.2.2.2. Total conjugated linoleic acid (CLA) and rumenic acid (RA) contents in bulk milk fat 
(mg/g of fat) using different source of forages. 
118 
III.4.1.1. Recommended pre- and post-grazing sward heights across the season for 
rotational or continuous systems with cows. 
181 
III.4.1.2. Post-grazing severity score. 182 
III.4.3.1. Daily time budget for lactating dairy cows in a free-stall. 192 
IV.1.1.3.1. Stocking rate (cows number and grazing area) and rotations (number, length and 
grazing days) for the four grazing groups. 
232 
IV.1.1.3.2.1. Herbage parameters (allowance, pre- and post-grazing sward height and 
utilization), pasture DM intake and supplementation of the four grazing groups. 
233 
IV.1.1.3.2.2. Sward chemical composition of the four grazing groups managed at two stocking 
rates (L, low and H, high) and at two stages of lactation (S, spring calving cows at 
start of lactation and A, autumn calving cows at end of lactation). 
234 
IV.1.1.3.2.3. Evolution of sward chemical composition across the grazing season (from rotation 
1 to rotation 5) for the two stocking rates (L, low and H, high). 
235 
IV.1.1.3.3. Animal parameters (body weight, body condition score, milk yield, milk protein 
and milk fat content) of the four grazing groups. 
237 
IV.1.2.3.1. Effect of pre-grazing herbage mass (HM; L- 1 600 or H- 2 400 kg DM/ha) and daily 
herbage allowance (DHA; L- 15 or H- 20 kg DM/cow/day) on grazing management 
and output per hectare (average 206 days grazing season). 
267 
IV.1.2.3.2.1. Effect of pre-grazing herbage mass (HM; L- 1 600 or H- 2 400 kg DM/ha) and daily 
herbage allowance (DHA; L- 15 or H- 20 kg DM/cow/day) and their interaction on 
pre- and post-grazing height and herbage utilization during the experimental 
period. 
268 
IV.1.2.3.2.2. Effect of pre-grazing herbage mass (HM; L, 1 600 or H, 2 400 kg DM/ha) and daily 
herbage allowance (DHA; L, 15 or H, 20 kg DM/cow/day) and their interaction on 
morphological composition of the swards greater than and less than 4.0 cm during 
the experimental period. 
269 
IV.1.2.3.3. Effect of pre-grazing herbage mass (HM; L, 1 600 or H, 2 400 kg DM/ha) and daily 
herbage allowance (DHA; L, 15 or H, 20 kg DM/cow/day) and their interaction on 
pasture dry matter intake during the experimental period (P1, summer and P2, 
autumn). 
270 
IV.1.2.3.4. Effect of pre-grazing herbage mass (HM; L, 1 600 or H, 2 400 kg DM/ha) and daily 
herbage allowance (DHA; L, 15 or H, 20 kg DM/cow/day) and their interaction on 
milk production and animal performance of cows during the experimental period. 
271 
IV.2.1.2.1. Mean climatic conditions during the main grazing season (April-October) over the 
5 years of experiment in comparison with the 40-years mean. 
291 
IV.2.1.2.3. Distribution of the 5-lactations according to two cow genotypes and the lactation 






IV.2.1.2.4. Chemical composition and nutritive value of feeds and minerals during the period 
2001-2005, expressed as mean ± standard error of the mean. 
294 
IV.2.1.3.2.1. Effect of grazing feeding strategy (Low, 0 and High, 4 kg/cow/day of concentrate) 
and cow genotype (F, Holstein-Friesian and N, Normande) on body weight and 
body condition score of cows during the period 2001-2005. 
299 
IV.2.1.3.2.2. Effect of grazing feeding strategy (Low, 0 and High, 4 kg/cow/day of concentrate) 
and cow genotype (F, Holstein-Friesian and N, Normande) on milk performance 
during the period 2001-2005. 
301 
IV.2.1.3.3. Effect of grazing feeding strategy (Low, 0 and High, 4 kg/cow/day of concentrate) 
and cow genotype (F, Holstein-Friesian and N, Normande) on the maximum of 
milk yield (MY max.) at day-4, the milk yield at day-10 and the drop of milk (Dm) at 
day-10 in each grazing cycle, during the period 2001-2005. 
304 
IV.2.2.3.3. Effect of genotype and milk production system on cow performance. 332 
IV.2.2.3.4. Effect of cow genotype and milk production system on cow behaviour. 333 
IV.3.1.2.2. Chemical composition of the diets (grazing, silage and concentrate). 362 
IV.3.1.3.2. Dry matter intake (kg DM/cow/day) of the three herd diets. 370 
IV.3.1.3.3. Animal production parameters from the three herds of dairy cows. 370 
IV.3.1.3.4. Milk fatty acids composition (g/100 of FAME) of the three herd diets used to feed 
Holstein-Friesian dairy cows during the experimental period in 2008. 
372 
IV.3.2.2.2. Chemical composition of the two types of silage and concentrate consumed 
indoors by the three groups of Holstein-Friesian cows during autumn. 
400 
IV.3.2.3.1. Effect of feeding cottonseed or barley, at two levels of supplementation, on body 
weight, body condition score, milk yield and milk composition of spring calving 
confined Holstein-Friesian dairy cows during autumn. 
402 
IV.3.2.3.2. Effect of feeding cottonseed or barley, at two levels, on milk fatty acids profile 
(g/100 g
 
of FAME) of confined Holstein-Friesian cows during autumn. 
406 
V.4.1.1. Best regression models found in the literature review for herbage mass 
estimation. 
477 
V.4.2.1. Recommended levels of urea in milk (mg/kg), cause and modus operandi to act in 
dairy cows diet. 
481 
V.5.4. Grass feed budgeting for Holstein-Friesian cows at two calving dates, (a) spring 
and (b) autumn, from the experimental work carried out at the CIAM in 2007. 
496 















LIST OF FIGURES 
 
Figure Chapter   Title Page 
   
II.1.2. Total costs of production (expressed relative to New Zealand costs) according to 
the proportion of grass in the diet of cows. 
16 
II.2. Milk production density (kg milk/ha) in the EU-27.  20 








III.1.1.3. Growth pattern of pastures in different locations (a) Mabegondo (NW Spain) 
(rainfed and irrigated) compared with Moorepark (Ireland), Hillsborough (United 
Kingdom) and (b) four sites of Galicia (Marco da Curra, Pastoriza, Samos and 
Guntin). 
44 
III.1.2.2.1. Changes on the chemical composition of grasses according to its stage of maturity. 55 
III.1.2.2.2. Digestibility values of four pasture species (Trifolium repens L., Dactylis glomerata 
L., early (e) and late (l) Lolium perenne L.) and date of 50% ear emergence (EE). 
58 
III.2.1. Idealised relationship between yields of milk fat, protein and lactose, and their 
concentrations in milk over a lactation of 310 days. 
89 
III.2.2. Effect of diet composition on ruminal volatile fatty acids and milk production. 94 
III.2.3.2. Predominant pathways of synthesis of trans-vaccenic acid and rumenic acid, in 
dairy cows milk. 
107 
III.3.1.1. Effect of grazing pressure on production per animal and per ha. 144 
III.3.1.2. Relationship between herbage mass and leaf growth, leaf senescence, and net 
herbage production in grazed swards. 
146 
III.3.1.3. Cow urea metabolism. 154 
III.3.2.1.1. Effect of concentrate supplementation on herbage intake, milk yield, substitution 
rate and milk response to increasing herbage allowance by grazing dairy cows. 
158 
III.3.2.1.2. Relationship between milk response to concentrate (kg milk/kg concentrate) and 
substitution rate (kg pasture/kg concentrate) by grazing dairy cows from studies at 
different daily herbage allowances. 
160 
III.4.1. Influence of daily herbage allowance to ground level on pasture dry matter intake 
and herbage utilization in rotationally grazed cows. 
180 
III.4.2. (a) Cyclic variations in milk yield from cows supplemented with low or high levels 
of concentrate (b) variations in daily milk yield of cows during a residence time of 
ten days in a grazing paddock. 
189 
IV.1.1.3.2. Evolution of sward parameters: (a) pre- and (b) post-grazing height, (c) dry matter, 
(d) crude protein, (e) acid and (f) neutral detergent fibre, (g) carbohydrates and (h) 
digestibility at two SR (Low and High). 
236 
IV.1.1.3.3.1. Evolution of (a) pasture DM intake and animal parameters: (b) milk yield, (c) milk 
protein and (d) milk fat content of Holstein-Friesian cows managed at two stoking 
rates (Low and High). 
238 
IV.1.1.3.3.2. Milk yield (kg/cow/day) evolution during the experimental grazing period, at two 
stocking rates (L, low and H, high) and two stages of lactation (S, spring and A, 
autumn calving), of Holtein-Friesian cows. 
239 
IV.1.2.3.4. Effect of pre-grazing herbage mass (HM; L, 1 600 or H, 2 400 kg DM/ha) and daily 
herbage allowance (DHA; L, 15 or H, 20 kg DM/cow/day) on milk yield 
(kg/cow/day) at grazing during 24-weeks of the experimental period. 
272 
IV.2.1.2.6. Evolution in daily milk yield of cows in response to a long residence time in a 
paddock (around ten days), following the simplified rotational grazing system by 






IV.2.1.3.3. Effect of grazing feeding strategy (Low, 0 and High, 4 kg/cow/day of concentrate) 
on 220-days of lactation in 2005 of two cow genotypes (F, Holstein-Friesian and N, 
Normande) using the simplified rotational grazing system. 
303 
IV.2.2.3.4. Percentage of dairy cows within each group involved in a range of behavioral 
activities. 
335 
IV.3.1.3.4. Seasonal variation of conjugated linoleic acid on Holstein-Friesian dairy cows’ milk 
for the three forage diets. 
373 
IV.3.2.3.1. (a) Milk yield (kg/cow/day) and (b) milk protein content (g/kg DM) of spring 
calving Holstein-Friesian cows using an indoors feeding regime during autumn. 
403 
V. Interaction between some factors that influence on pasture dry matter intake and 
milk output of grazing dairy cows at farm level. 
418 
V.1.1. Effect of supplementation level (0 and 4 kg/cow/day) at pasture on sward height 
and milk yield, using a large residence time, 10 days, on a paddock. 
423 
V.1.2. Effect of stocking rate on seasonal variation in sward quality considering three 
stages of grass growth in mixed pastures (I-Vegetative, leaf; II-Reproductive, stem 
and III-Reproductive, ear emerging) grazed at the Trial IV.1.1.- CIAM in Spain. 
428 
V.1.3. Effect on herbage mass (L, 1 600 and H, 2 400 kg DM/ha) and daily herbage 
allowance (L, 15 and H, 20 kg DM/cow/day) on milk output (kg) per cow (bar) and 
per ha (line) of cows on 206 days grazing at the Trial IV.1.2.- Moorepark in 2008. 
439 
V.2.1. Relationships between actual and predicted milk yield (kg/cow/day) for (a) spring 
and (b) autumn calving cows and actual milk yield and total dry matter intake (kg 
DM/cow/day) for (c) spring and (d) autumn calving cows from the Trial IV.1.1.- 
CIAM in 2007. 
443 
V.2.2. Effect of concentrate at pasture (0 and 4 kg DM/cow/day) and cow genotype (F, 
Holstein-Friesian and N, Normande) on milk yield (kg/cow/day) for the four groups 
of cows at the Trial IV.2.1.- Pin au Haras during the period 2001-2009 in France. 
455 
V.3.1. Effect of forage source on conjugated linoleic acid content (g/100 g of FAME) in 
milk fat from Holstein-Friesian dairy cows at the Trial IV.3.1.- CIAM in 2008. 
465 
V.3.2. Seasonal variation on (a) saturated and unsaturated and (b) mono- and poly- 
unsaturated fatty acids ratio and conjugated linoleic acid content in milk. 
466 
V.4.1.2. Regression for (a) P, (b) Ca, (c) Mg and (d) K between NIRS data by validation and 
analysis of mixed sward samples by laboratory. 
478 
V.4.1.3. Animal measurements: (a) body weight, (b) body condition score, (c) rump height 
and (d) daily body weight gain in a CIAM trial of heifers at pasture in 2009.  
480 
V.4.2.1. (a) Milk yield and (b) milk urea content of three herds of dairy cows. 482 
V.4.2.2. Seasonal variation on milk (a) protein, (b) fat, (c) lactose and (d) casein in raw 
bovine milk. 
484 
V.4.3.1. ∑ Inputs and ∑ Outputs of N in Holstein-Friesian dairy cows at two stages of 
lactation (start and end) managed at two stocking rates (low and high). 
486 
V.4.3.2. Emissions of nitrous oxide in pastures at the CIAM grazed by spring calving 
Holstein-Friesian dairy cows managed at two stocking rates (low and high). 
487 
V.5.2. Grazing calendar used in 2009 at the Trial IV.2.1.- Pin au Haras of this thesis 
(developed by Pâtur’IN  ̶  INRA). 
491 
V.5.4. Annual grass feed budgets for (a) spring and (b) autumn calving Holstein-Friesian 
dairy cows from experimental work carried out at the CIAM in 2007. 
495 
V.5.5. Chemical composition of grass on the grazing season (data from CIAM). 497 
V.5.6. (a) Conjugated linoleic acid and (b) saturated and unsaturated fatty acids in milk 












GLOSSARY OF TERMS  
 Terminology  
ADF Acid Detergent Fibre  
BCS Body Condition Score  
BUN Blood Urea Nitrogen  
BW Body Weight  
CAN  Calcium Amonium Nitrate  
CCI Cow Comfort Index  
CIAM Centro de Investigaciones Agrarias de Mabegondo  
CLA Conjugated Linoleic Acid  
CP Crude Protein  
DHA Daily Herbage Allowance  
DIM Days in Milk  
Dm Drop of Milk  
DM Dry Matter  
EB Energy Balance  
ECL Elegible Cows Lying  
EEC European Economic Community  
EU European Union  
FA Fatty Acids  
GAV Gross Added Value  
GP Grazing Pressure  
INGACAL Instituto Gallego de Calidad Alimentaria  
HDL High Density Lipoproteins  
HM Herbage Mass  
HGM High Genetic Merit  
INIA Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria  
IVODM in vitro Organic Matter Digestibility  
LAFIGA Laboratorio Agrario y Fitopatológico de Galicia  
LCFA Long Chain Fatty Acids  
LDL Low Density Lipoproteins  
LIGAL Laboratorio Interprofesional Gallego de Análisis de Leche  
LGM Low Genetic Merit  
MCFA Medium Chain Fatty Acids  
ME Metabolic Energy  
MGM Medium Genetic Merit  
MFD Milk Fat Depression  
MP Metabolic Protein  
MPE Mean Prediction Error  
MR Milk Response  






Acronym   Terminology  
MUN Milk Urea Nitrogen  
MY Milk Yield  
MY max. Maximum of Milk Yield  
NDF Neutral Detergent Fibre  
NEL Net Energy for Lactation  
NFC Non-Fiber Carbohydrates  
PDIE Protein Digestible in the Intestine according to Energy supply  
PDIN Protein Digestible in the Intestine according to Nitrogen supply  
PDMI Pasture Dry Matter Intake  
PUFA Polyunsaturated Fatty Acids  
NIRS Near Infrared Reflectance Spectroscopy  
NRC National Research Council  
SCC Somatic Cell Count  
SCFA Short Chain Fatty Acids  
SD Standard Deviation  
SEM Standard Error of the Mean  
SFA Saturated Fatty Acids  
SH Sward Height  
SR Stocking Rate  
SRt Substitution Rate  
TDMI Total Dry Matter Intake  
TMR Total Mixed Ration  
TVA Trans Vaccenic Acid  
UAA Utilized Agricultural Area  
UFA Unsaturated Fatty Acids  
UFL Unité Fourrage Lait  
VDMI Voluntary Dry Matter Intake  
VFA Volatile Fatty Acids  
WSC Water Soluble Carbohydrates  
   





OM Organic Matter  
OMD in vivo Organic Matter Digestibility  






This Doctoral Thesis has been made in the Agricultural Research Center Mabegondo (CIAM), 
under the Galician Institute of Food Quality (INGACAL) of the Rural Counseling from the Xunta de 
Galicia, within the Research Project RTA2005-00204-00 "Evaluation of the effectiveness of sustainable 
milk production systems through the application of decision support systems and practical 
methodologies for estimating nutrient intake in commercial farms from Galicia”, funded by the National 
Research Institute for Agriculture and Food Technology (INIA), depending on the Ministry of Education 
and Science, in collaboration with the Polytechnic School of the University of Santiago de Compostela 
(USC). For four years, the doctorate has been the beneficiary of a grant for Research Training funded by 
the INIA and she has done Master in Dairy Industry and Economics at the USC and five stays at foreign 
universities and research institutes under the supervision of several international researchers. 
The main objective of this Thesis dissertation, included in its title, is going inside the 
philosophy of CIAM “The study of sustainable milk production systems in humid areas using farm 
resources”. This study allows us to further explore the important role that pasture-based milk 
production systems (mainly grasses and legumes) play in humid areas of the European Atlantic Arc, in 
order to achieve an efficient use of the existing Galician agricultural land, reducing the feeding costs of 
dairy cattle and getting more added value of dairy products due to a better milk fatty acids (FA) profile. 
The work carried out during this Thesis is divided into three sections described in Chapter IV 
where six experimental trials conducted at different European Research Institutes are presented. In 
them, we studied some of the most important factors influencing the interaction between pasture and 
animal, with the aim of obtaining an overall view and integrated of pasture-based milk production 
systems based on the use of pastures to feed dairy cattle. Firstly, is the section titled Pasture Intake 
under Grazing Management (Trial 1.1.-CIAM and Trial 1.2.- Moorepark); secondly, the section 
corresponding to The Grazing System (Trial 2.1.- Pin au Haras and Trial 2.2.- Hillsborough) and, thirdly, 
the section related to Milk Quality: The Fatty Acids Profile (Trial 3.1.- CIAM and Trial 3.2.- CIAM). 
Fruit of the multidisciplinary approach that involves the study of sustainable milk production 
systems, it was elaborated a fourth section in Chapter IV, where are presented other research trials that, 
without specific experiments carried out in the field, deal with other aspects and complement the 
evaluation of pasture-based milk production systems, including: (1) a literature review of different non-
destructive methods for measuring the pre-grazing herbage mass, (2) the determination of urea in milk 
as a diagnostic indicator of the ration in grazing dairy cattle, (3) the measure of macronutrients content 
on the grass by an equipment of reflectance spectroscopy in the near infrared (NIRS), (4) the balance of 
nitrogen to the animal and the determination of nitrous oxide emissions derived from a rotational 
grazing system with application of two stocking rates, (5) the seasonal variation in milk composition and 





In Trial 1.1.- CIAM (Abegondo, A Coruña, Spain), seventy-two Holstein-Friesian dairy cows at 
two stages of lactation, start-spring calving (S, n=44) and end-autumn calving (A, n=28). Animals were 
managed at two stocking rates (SR), low (L, n=36) and high (H, n=36), by assigning randomly animals to 
four groups of grazing dairy cows (LS, LA , HS and HA) using a 2x2 factorial design. The groups grazed, 





18'O). In each rotation, grass production, sward quality and pasture intake, 
as well as milk production and composition were determined. The groups with high stocking rate (4.8 
cows/ha) completed five rotations, with more grazing days (+13 days) and lower pre-grazing (14.3 cm) 
and post-grazing (5.3 cm) sward heights and, higher herbage utilization (81.7%) compared to the groups 
with low stocking rate (3.9 cows/ha) which made a grazing rotation less. The daily herbage allowance 
(DHA) and the pasture dry matter intake (PDMI) were lower in the high stocking rate (H groups) than in 
the low stocking rate (L groups). The low intake of pasture (p<0.05) in the high stocking rate (13.4 kg 
DM/cow/day) was compensated with higher sward quality (p<0.05) due to higher crude protein content 
(CP: 149.1 g/kg DM), water soluble carbohydrates (WSC: 166.7 g/kg DM) and in vitro digestibility of 
organic matter (IVODM: 746.8 g/kg DM) and lower levels of dry matter (DM: 18.4%) and acid fiber (ADF: 
283.5 g/kg DM) and neutral (NDF: 508.6 g/kg DM) detergent. Sward quality decreased (p<0.05) from 
rotation 1 to 5, showing higher sward quality when high stocking rate is applied. Milk yield (MY) was 
higher (p<0.05) in spring calving dairy cows (24.8 kg/cow/day), with minor contents (p<0.05) of protein 
(28.9 g/kg DM) and fat (36.9 g/kg DM) in milk, than in autumn calving dairy cows calving because of 
their different stages of lactation. There were no significant differences between treatments for MY 
taking into account the two stocking rates, however, the protein and fat contents were higher when is 
applied the high stocking rate (+0.9 and +1.0 g/kg DM). Increasing the stocking rate is achieved lower 
pasture intake, but higher sward quality without penalizing the production and quality of milk. The 
increased of stocking rate on the grazing season, in the HS and HA treatments, showed beneficial effects 
on the productive performance of grazing cows, in both stages of lactation (spring and autumn calving 
dairy cows at start and end of lactation, respectively). Although that when the grazing season 
progressed the sward quality was deteriorated, by a decrease in leaf content and an increase of 
senescent material, applying a high stocking rate is achieved an improvement on sward structure and 
lower grass residues post-grazing, higher herbage utilization and better sward quality. With proper 
grassland management strategies, using a high stocking rate in spring, and without penalizing the 
pasture intake per animal, it is possible to satisfy dairy cattle needs throughout lactation. 
In Trial 1.2.- Moorepark (Fermoy, Co. Cork, Southern Ireland), sixty-four spring calving Holstein-
Friesian dairy cows were randomly assigned to one of four grazing groups (n=16) using: two pre-grazing 
herbage masses (HM), low (L, 1 600 kg DM/ha) and high (H, 2 400 kg DM/ha), and two daily herbage 
allowances (DHA), low (L, 15 kg DM/cow/day) and high (H, 20 kg DM/cow/day), by a 2x2 factorial 










16'O). Sward structure, pasture intake (PDMI) and, milk production and composition were determined 
in the four groups. The herds with low herbage mass (1 600 kg DM/ha) completed 9.5 rotations of 22 
days compared to the herds with high herbage mass (2 400 kg DM/ha) that had 6.5 rotations of 32 days. 
The content of stems and senescent material (to > 4.0 cm) was lower (p<0.001) in the herds with low (LL 
and LH groups) herbage mass (221 kg DM/ha for stems and 170 kg DM/ha for senescent material) than 
in the herds with high (HL and HH groups) herbage mass (388 kg DM/ha for stems and 303 kg DM/ha for 
senescent material). The herbage utilization was higher (p<0.001) with low herbage allowance (LL and 
HL groups) per animal (97.7 and 98.3%, respectively) than with high herbage allowance (LH and HH 
groups) per animal (91.3 and 88.4%, respectively). The treatments with high daily herbage allowance 
showed greater (p<0.001) milk yield per hectare (16 212 kg/cow/ha) and higher (p<0.001) content in 
milk solids per hectare (1 213 kg/cow/ha) compared to the treatments with low daily herbage 
allowance. The experiment reflected the importance of considering the sward morphological structure, 
modified by the provision of pre-grazing herbage mass (HM) and daily herbage allowance per animal 
(DHA), in the productive performance of grazing dairy cattle. The LH treatment, which combined low 
HM per hectare (L, 1 600 kg DM/ha) and high DHA (H, 20 kg DM/cow/day) per animal, was the one 
which achieved the highest average milk production (p<0.001) per cow (20.1 kg/cow/day), with the 
highest (p<0.001) milk yield per hectare (16 983 kg/cow/ha) and the highest milk solids per hectare (1 
268 kg/cow /ha), introducing greater herbage utilization (98.3%), resulting in an increased sward quality 
with lower content of stems and senescent material (p<0.001) (226 and 166 kg DM/ha, respectively). 
The combination of low herbage mass per area of land and high daily herbage allowance per animal is a 
key point in managing pasture-based milk production systems because through it is possible to improve 
the sward quality of the grass ingested, increasing the productive performance of dairy cattle and, also 
showing also higher content of solids in milk. 
In Trial 2.1.- Pin au Haras (Exmes, Normandy, Northern France), the possibility of using the 
simplified model of rotational grazing was studied, with a residence time of ten days in a grazing 
paddock of 4.8 ha surface and subsequent regrowth intervals of twenty days. For this, a dataset from 
2001 to 2005 was used with two cow genotypes of spring calving dairy cows, Friesian (F, n=178) and 
Normande (N, n=174), managed at two parities (primiparous, n=149 and multiparous, n=203), feeding 
two levels of concentrate, without (0 kg /cow/ day, n=174) and with (4 kg/cow/day, n=178), grazing 
permanent perennial ryegrass pastures (13.8 ha) and seeded (19.6 ha) with perennial ryegrass alone or 





90'0"E) with four groups of cows (F0, F4, N0 and N4), using a 2x2 factorial 
design. Body weight (BW) and body condition score (BCS) of animals were registered and, individual milk 
production and chemical composition of milk in the four herds of cows were measured. In each grazing 





reached on the fourth day of residence, and the drop of milk (Dm), which mostly occurred on the tenth 
day were determined throughout the lactation curve of animals during the five years studied. The 
Normande cows showed a BW (654 and 695 kg, respectively) and BCS (2.98 and 2.83, respectively), at 
the beginning and at the end of the grazing season, superior (p<0.001) than those that presented 
Friesian cows for body weight (612 and 659 kg, respectively) and body condition score (2.13 and 2.18, 
respectively). The cows supplemented with 4 kg/day of concentrate in the ration had a BW and a BCS at 
the end of the grazing season (702 kg and 2.85, respectively) higher (p<0.001) than those that presented 
the cows which received no supplementation (652 kg and 2.15, respectively). The total milk yield (MY) 
and the peak of MY at lactation were higher (p<0.001) in the Friesian cows (7,591 and 36.2 kg/cow, 
respectively) than in the Normande cows (6 214 and 29.2 kg/cow, respectively). The cows supplemented 
with 4 kg/day of concentrate had the total MY and the peak of MY at lactation (7,567 and 35.0 kg/cow, 
respectively) higher (p<0.001) than the cows which received no supplementation (6 238 and 30.4 
kg/cow, respectively). The contents of protein and fat in milk were higher (p<0.001) in the Normande 
cows (34.5 and 40.6 g/kg DM, respectively) than in the Friesian cows (31.5 and 36.4 g/kg DM, 
respectively). The cows supplemented with 4 kg/day of concentrate had higher (p<0.001) content of 
protein and lower (p<0.001) of milk fat (33.5 and 38.1 g/kg DM, respectively) than those cows which 
received no supplementation (32.4 and 38.9 g/kg DM, respectively). The MY max. and Dm were higher 
(p<0.001) in the Friesian cows (25.1 and  − 6.4 kg/cow, respectively) than in the Normande cows (21.0 
and  − 4.9 kg/cow, respectively). The cows supplemented with 4 kg/day of concentrate showed higher 
(p<0.001) MY max. and lower (p<0.001) Dm (24.9 and  − 5.3 kg/cow, respectively) than those cows 
which received no supplementation (21.2 and  − 6.1 kg/cow, respectively). The multiparous cows (24.5 
and − 6.1 kg/cow, respectively) had higher MY max. (p<0.001) and Dm (p<0.001) than the primiparous 
cows had (21.6 and − 5.2 kg/cow, respectively). The results of this trial show that at the fourth day of 
residence time in a given paddock, within the grazing cycle of ten days, is reached a maximum of milk 
yield (MY max.) in all herds (regardless of years, cow genotypes, parity of animals and levels of 
supplementation at pasture), while going a major decrease in the sward height daily herbage allowance. 
It is necessary to control the drop of milk (Dm), which usually occurs on the tenth day of residence in the 
paddock, to get back to the peak of production in the next grazing cycle, in spite of smaller MY max., and 
that this is maintained across the lactation. It is, therefore, possible to reduce the number of paddocks 
for grazing to three of big dimensions, increasing the mean residence time in each paddock to ten days, 
without compromising the productive performance of animals throughout lactation. The Normande 
cows (in the Northern of France), with lower reproduction and health problems, are considered as an 
alternative to the Friesian cows, despite having lower milk production, but have a longer productive life 
and show higher milk quality (higher contents of protein and fat). Choose the breed of dairy cow more 





account always the production model selected and the needs of dairy cattle thought lactation in order 
to adjust the supply of food to the demand of the animal. 
In Trial 2.2.- Hillsborough (Hillsborough, Co. Down, Northern Ireland), the behaviour of two 
spring calving dairy cow genotypes is compared, Holstein-Friesian (HF, n=40) and Jersey x Holstein-
Friesian crossbred (Jx, n=40), fed in two different milk production systems, low input system (G, n=40) 
grazing perennial ryegrass pastures and high input system (C, n=40) in total confinement with silage, 





04'W) for six weeks in summer 2009 with four herds of cows (HF-G, HF-C, Jx-G and Jx-C). The 
behavior of all animals was visually observed on three occasions for periods of two weeks (P1, in late 
July; P2, in mid-August; P3, late August) and the patterns of animal behavior were recorded, at 20 
minutes intervals, discerning between the following activities: cows lying down, feeding/grazing, 
standing and ruminating. No differences were found between periods in the time that grazing cows 
spent standing, but there were differences in the time that cows were lying (p<0.001), grazing (p<0.05) 
and ruminating (p<0.001). At pasture, the animals spent more time lying (P3, 271 and P1, 153 min., 
respectively) and ruminating (P3, 211 and P1, 132 min., respectively) and less time feeding (P3, 490 and 
P1, 554 min., respectively) as the grazing season progressed. In stable confined, there were no 
differences between periods for any of the behavioral activities recorded. The cow genotype (HF or Jx 
crossbreeds) showed no effect on any of the behaviors registered. The system showed an effect on cow 
behaviour, the time that animals spent feeding was higher (p<0.001) in the low input grazing system (G, 
522 min.) than in the high input confinement system (C , 173 min.). The time that cows spent lying (C, 
411 and G, 212 min.), standing (C, 236 and G, 85 min.) and ruminating (C, 244 and G, 141 min.) was 
higher (p< 0.001) in the confinement system than in the grazing system. The synchrony of behaviors was 
higher in the group of cows at pasture, due to several members of the herd made at any time the same 
activity, regardless of the cow genotype (HF and Jx crossbreeds), than in the group of cows confined. 
The results of this study highlight the importance of considering animal behavior in milk production 
systems, both at grazing and in total confinement, because of its influence on the consumption of food, 
its impact on milk production and as a measure of animal welfare in dairy cattle. The Jersey crossbred 
cows (in Northern Ireland), with lower reproduction and health problems, are considered as an 
alternative to Holstein-Friesian cows in grazing systems from Ireland, despite showing lower milk 
production, but this cow genotype has a more productive life and high efficiency of conversion of 
pasture to milk with higher milk quality (higher contents of protein and fat). 
In Trial 3.1.- CIAM (Abegondo, A Coruña, Spain), the quality and fatty acid profile of cow's milk 
in sustainable milk production systems, existing in humid regions of the Cantabrian Cornice as Galicia, 
based on the use of fresh grass (mainly grazing pastures) as the main source of nutrients supplied during 
most of the lactation for dairy cattle. Sixty-one autumn calving Holstein-Friesian cows were randomly 





n=11), 50% grazing and 50% silage (G/S, n=27) and 100% grazing (G, n=21). The groups G/S and G 
rotationally grazed perennial ryegrass pastures and white clover, from March to October 2008, at the 




18'O). Grass production in each paddock was 
routinely registered and sward quality was determined with equipment NIRSystem 6500. Daily milk 
production was recorded and, weekly milk composition was determined and milk fatty acids profile was 
performed in the three groups of cows by gas chromatography-mass spectrometry using an Agilent 
Technologies 6890N. Daily herbage allowance was lower (p<0.05) in the G treatment than in the G/S 
(19.4 and 23.9 kg DM/cow/day, respectively), with lower pre-grazing (G, 16.4 and G/S, 4.7 cm, 
respectively) and post-grazing sward heights (G 17.3 and G/S, 7.2 cm, respectively), but with greater 
herbage utilization in the G than in the G/S (89.2 and 40.1%, respectively) and higher sward quality 
(p<0.01) due to higher content of crude protein (CP: G 144 and G/S, 118 g/kg DM, respectively), water 
soluble carbohydrates (WSC: G, 182 and G/S, 148 g/kg DM, respectively) and in vitro digestibility of 
organic matter (IVODM: G 785 and G/S, 756 g/kg DM, respectively) and lower content in acid (ADF: G, 
271 and G/S, 118 g/kg DM, respectively) and neutral detergent (NDF: G 525 and G/S, 574 g/kg DM, 
respectively) fibers. The group with 100% grazing (G) showed a decrease (p<0.05) in fatty acids, g/100 g 
of methyl esters of fatty acids (FAME), short (SCFA, 8.34) and medium chain (MCFA, 39.24), considered 
harmful to human health, and an increase (p<0.05) in the content of long chain fatty acids (LCFA, 42.29), 
considered beneficial for human health. The highest levels (p<0.05) in monounsaturated 
polyunsaturated fatty acids (MUFA, 25.20 and PUFA, 4.24 g/100 g of FAME, respectively) were found in 
the G treatment with 100% pasture. The CLA content increased (p<0.05) as the proportion of fresh grass 
increased in the ration of dairy cows from 0.49, 0.82 to 1.14 g/100 g of FAME, respectively for the S 
treatment (100 % silage), G/S (50% grazing and 50% silage) and G (100% grazing), respectively. The fatty 
acid profile of milk showed some seasonality across the grazing season. In summer, the levels of CLA in 
milk fat of Holstein-Friesian cows at pasture were three times higher (p<0.001, G: +0.76 g/100 g of 
FAME) than with silage feeding in stable (S: 0.47 g/100 g of FAME). The CLA content was also twice 
higher in summer (p<0.001, +0.40 g/100 g of FAME) for the group G/S compared to spring for the S 
group (0.47 g/100 g FAME). The results of this trial show that a high proportion of fresh grass in the diet 
of dairy cattle, under grazing as the cheapest source of nutrients that there is, is a determinant factor to 
increase the CLA content of cow's milk and may be a way to increase the added value of milk produced 
on farms in Galicia, to base its milk production model in the use of pasture, and with which is achievable 
an improved in fatty acid profile of milk. Combine a high intake of fresh grass with high quality (within 
high levels of protein, carbohydrates and digestibility and low in fiber) is feasible with an improved fatty 
acid profile of milk (with high levels of mono- and poly-unsaturated fatty acids) through applying proper 
grassland management strategies. The content of CLA shows some seasonality across the grazing 





In Trial 3.2.- CIAM (Abegondo, A Coruña, Spain), oilseeds are introduced in the concentrate to 
determine their effect on the composition and fatty acid profile of cow's milk in a trial carried out at the 




18'O). For this, thirty-six spring calving Holstein-Friesian dairy cows 
were randomly were assigned to three (n=12) groups (C5, C7 and B7) fed silage instable. Two sources of 
concentrate, oilseeds (C, cottonseed) compared to cereal grains (B, barley), were studied using two 
levels of supplementation, 5 and 7 kg DM/cow/day concentrate for ten weeks in autumn 2007. Milk 
production was recorded daily and weekly milk composition was analyzed and milk fatty acid profile, in 
the three groups of cows housed, was performed by gas chromatography-mass spectrometry using an 
Agilent Technologies 6890N. Milk production was higher (p<0.001) in the groups with high levels of 
concentrate (C7, 17.9 and B7, 18.1 kg/cow/day, respectively) than in the low levels of concentrate (C5, 
15.7 kg/cow/day) and the cows from the treatments B7 and C7 were those that showed higher body 
weight (p<0.05). The protein content in milk was lower (p<0.05) in the treatment with high doses of 
cottonseed in the ration (C7, 30.7 g/kg DM) than in the barley treatment (B7, 32.7 g/kg DM). 
Nevertheless, no significant differences between treatments were found for fat content and urea in 
milk. There were no differences between treatments in the short (SCFA), medium (MCFA) and long chain 
FA (LCFA). Despite this, higher levels were obtained (p<0.05) of polyunsaturated fatty acids (PUFA) and 
linoleic acid in the C7 treatment (2.48 and 2.22 g/100 g of FAME, respectively) than in the C5 treatment 
(2.16 and 1.92 g/100 g of FAME, respectively) with lower ratio SFA/UFA in the C7 treatment (3.74) than 
in the C5 treatment (3.98). The results of this trial show that the inclusion of cottonseed in the 
concentrate to supplement the diet of dairy cattle based on silage during housing, may be an 
appropriate strategy to be implemented on farms, which do not have grass available in autumn to graze 
or the holding that have is of low quality, in order to improve the fatty acid profile of milk using high fat 
supplements to increase the levels of polyunsaturated fatty acids in cows’ milk. 
The study in this Thesis of "Sustainable Milk Production Systems in Humid Areas Using Farm 
Resources" contributes to knowledge and assessment of the factors necessary to reduce feeding costs of 
milk production in dairy cattle from temperate regions of the European Arc Atlantic as Galicia (NW 
Spain). The base of this study is in the use of farm resources and control of factors derived from pasture 
(stocking rate, pre-grazing herbage mass, daily herbage allowance, residence time at pasture, source of 
forage/concentrate in the ration and levels of supplementation at pasture) and animal (state and 
number of lactation, dairy cow genotype and animal behaviour of cows at grazing/in confinement) and 
the interaction of both at farm level. It seeks, thereby, to achieve an efficient conversion from grass to 
milk, in a competitive and profitable way taking into account the current context of the region in which 
the quality and fatty acid profile of the final product has become particularly relevant in recent years. 
From the trials undertook, we emphasize the importance of applying good grassland 
management practices at farm level, whether increasing the stocking rate (SR) (Trial 1.1.- CIAM), or 





(DHA) per animal (Trial 1.2.- Moorepark), in order to achieve greater herbage utilization, with lower 
post-grazing residues and maintain higher sward quality on subsequent grazing rotations. The quality of 
pastures in these conditions, with lower content of dry matter and fibre (acid and neutral detergent) 
and higher levels of crude protein, water soluble carbohydrates and digestibility of grass provides higher 
milk quality (with higher content of protein and fat). All this, without penalizing individual milk 
production, and paying attention to grassland management in order to maintain high intake of grass 
with high quality to satisfy cow needs at all times thought lactation. It is also used the supplementation 
at pasture (normally at the peak of lactation, when cows are generally in a state of negative energy 
balance, and the provision of silage/concentrate can help to alleviate this situation) to keep the animals 
within the desired levels of milk production. Choose the cow genotype more adapted to the milk 
production system improves its efficiency and in this thesis two milk production systems were evaluated 
using two cow genotypes (Friesian and Normande), fed with and without concentrate at pasture (Trial 
2.1.- Pin au Haras). The behavioral patterns of two cow genotypes (Holstein-Friesian and Jersey 
crossbreed), during daily time budget, were also determined in animals managed in a low input grazing 
system and in a high input confinement system (Trial 2.2.- Hillsborough) related to food demands and 
needs of lying and rumination in both herds. 
Grazing systems have increasingly become an essential tool in order to reduce feeding costs of 
milk production because of an efficiently use of available farm resources. Due to in pasture-based milk 
production systems there are a high dependence on fresh grass in the ration of dairy cattle is possible to 
increase the added value of the final product, the milk, with higher content of conjugated linoleic acid in 
milk fat. This fatty acid is considered beneficial for human health and its intake is higher using a grazing 
ration in those Galician farms that rely on pastures for feeding their cows (Trial 3.1 .- CIAM). In silage 
feeding oilseeds such as cottonseeds can be used, added in the concentrate to improve the fatty acid 
profile of cow's milk, both at grazing and in stable (Trials 3.1 .- and 3.2 .- CIAM). The assessment of these 
factors should be the basis on which build sustainable milk production systems in humid regions such as 
Galicia. Using proper grassland management strategies at farm level, therefore, is crucial to optimize the 
quality of fresh grazed grass and dry matter intake at pasture, maximizing also milk production per cow 
and per hectare, with an increase in milk quality due to better fatty acid profile, and making Galician 












RÉSUMÉ DE THÈSE 
Cette Thèse de Doctorat a été réalisée dans le Centre de Recherche Agronomique de 
Mabegondo (CIAM), dépendent de l'Institut Galicien de la Qualité Alimentaire (INGACAL) du Conseil 
Agricole de la Xunta de Galicia, dans le Projet de Recherche RTA2005-00204-00 sous le titre "Évaluation 
de l'efficacité de la production laitière durable par l'application des systèmes d’aide à la décision et des 
méthodes pratiques pour estimer l'apport des éléments nutritifs dans les exploitations commerciales en 
Galice", financé par l'Institut National de la Recherche Agricole et de la Technologie Alimentaire (INIA), 
dépendent du Ministère de l'Education et des Sciences, en collaboration avec l'Ecole Polytechnique de 
l'Université de Santiago de Compostela (USC). Pendant quatre ans, le doctorat a été le bénéficiaire d'une 
bourse de Recherche du Personnel en Formation financé par l'INIA et a fait une Maîtrise en Industrie et 
Économie Laitière à l'USC et cinq séjours dans des universités et centres de recherche étrangères sous la 
supervision de plusieurs chercheurs internationale. 
L'objectif principal de cette Mémoire de Thèse, y compris dans son titre, fait partie de la 
philosophie du CIAM "L'étude des systèmes durables de production laitière en zones humides avec 
l'utilisation des ressources de l’exploitation". Cette étude nous permet d'approfondir notre connaissance 
du rôle important que la production laitière, basée sur l'utilisation des pâturages (essentiellement des 
graminées et légumineux), joue dans les régions humides de l'Arc Atlantique Européen, afin de parvenir 
à une utilisation efficace des terres agricoles en Galice, en réduisant les coûts d'alimentation des bovins 
laitiers et afin d’obtenir des produits laitiers avec une forte valeur ajoutée grâce à l'amélioration du 
profil des acides gras (AG) du lait. 
Les travaux effectués au cours de cette Thèse sont divisées en trois sections principales décrites 
dans le chapitre IV où se posent six essais expérimentaux réalisées dans les différents Centres de 
Recherche Européens. En eux, on a étudiée certains des facteurs les plus importants qui influencent 
l'interaction entre l'herbe et l'animal, avec l'objective d'obtenir une vision globale et intégrée des 
systèmes de production laitière basée sur l'utilisation des pâturages pour nourrir les bovins. 
Premièrement, il est la section intitulée l'ingestion d'herbe avec la gestion du pâturage (Essai 1.1.- 
CIAM et Essai 1.2.- Moorepark), deuxième, la section sur le système de pâturage (Essai 2.1.- Pin au 
Haras et Essai 2.2.- Hillsborough) et, troisièmement, l'étude sur la qualité du lait: le profil des acides 
gras (Essai 3.1.- CIAM et Essai 3.2.- CIAM). 
Fruit de l'approche multidisciplinaire qui représenta l'étude de ces systèmes durables, on a 
développé une quatrième section au sein du chapitre IV qui comprend des autres recherches qui, sans 
des tests spécifiques sur le terrain, abordent des autres aspects et complètent l'évaluation des systèmes 
de production laitière au pâturage existants dans les zones humides, y compris: (1) une revue de la 
littérature des différentes méthodes non destructives pour déterminer l'offerte d'herbe pré-pâturage, 
(2) la détermination de l'urée dans le lait comme un indicateur de diagnostic de la ration des bovins au 





de réflectance dans le proche infrarouge (NIRS), (4) l'équilibre de l'azote chez les animaux et la 
détermination des émissions d'oxyde nitreux à partir d'un système de pâturage en rotation avec 
l'application de deux chargement (5), la variation saisonnière de la composition du lait et (6) l'évaluation 
d'un système d'élevage des génisses au pâturage. 
Dans l’Essai 1.1.- CIAM (Abegondo, La Corogne, Espagne), soixante-deux vaches laitières de 
race Holstein-Friesian en deux étapes de la lactation, au début-vêlage de printemps (S, n=44) et à la fin-
vêlage d'automne (A, n=28). On a appli deux chargements (SR), faible (L, n=36) et haut (H, n=36), et on a 
distribué au hasard des animaux en quatre groupes au pâturage (LS, LA, HS et HA) en utilisant un design 
factoriel 2x2. Les groupes ont été à pâturer de Mars à Août 2007, dans zones indépendantes de ray-
grass anglais et trèfle blanc au CIAM (Galice-Espagne, 43o15'N; 81o18'O). Pour chaque rotation, on a 
déterminée la production d'herbe, la qualité des pâturages et la consommation de fourrage, ainsi que la 
production laitière et la composition. Des groupes au haut chargement (4,8 vaches/ha) ont effectué cinq 
rotations, avec quelque des jours de pâturage en plus (+13 jours) et des faibles hauteurs pré-pâturage 
(14,3 cm) et post-pâturage (5,3 cm) et, une plus grande utilisation de l'herbe (81,7%) par rapport aux 
groupes au faible chargement (3,9 vaches/ha) qui ont fait une rotation de moins. La disponibilité 
quotidienne d'herbe (DHA) et l'ingestion de matière sèche des pâturages (PDMI) étaient plus faibles 
dans le chargement haut (groupes H) que dans le chargement faible (groupes L). La faible consommation 
de l'herbe (p<0,05) au chargement haut (13,4 kg MS/vache/jour) a été compensée par un pâturage de 
qualité supérieure (p<0,05) avec une teneur en protéines brutes plus élevées (CP: 149,1 g/kg MS), des 
glucides solubles dans l'eau (WSC: 166,7 g/kg MS) et de la digestibilité in vitro de la matière organique 
(IVODM: 746,8 g/kg MS) plus forte et des niveaux en matière sèche plus bas (DM: 18,4%) et des fibres 
acide (ADF: 283,5 g/kg MS) et neutre (NDF: 508,6 g/kg MS) détergent. La qualité des pâturages a 
diminué (p<0,05) de la rotation 1 à la 5, indiquant une meilleure qualité de l'herbe lorsque le 
chargement haut a été appliquée. La production de lait (MY) a été plus élevée (p<0,05) chez les vaches 
au vêlage de printemps (24,8 kg/vache/jour), avec des teneurs en mineur (p<0,05) de protéines (28,9 
g/kg MS) et de gras (36,9 g/kg MS) dans le lait, que dans les vaches qui vêlent à l'automne en raison des 
différents stades de la lactation. Il n'y avait pas de différences significatives entre les traitements pour 
les deux chargements en MY, cependant, les teneurs des protéines et matières grasses du lait ont été 
plus élevés lorsque le haut chargement a été appliquée (+0,9 et +1,0 g/kg MS). Quand le chargement 
augmente s'atteint une plus faible consommation de l'herbe, mais une meilleure qualité de l'herbe sans 
pénaliser la production et la qualité du lait. L'augmentation du chargement sur la saison de pâturage, 
dans es traitements HS et HA, a montré des effets bénéfiques sur les performances de production des 
vaches au pâturage, qui paissent dans les deux stades de lactation (vaches qui vêlent au printemps et en 
automne correspondent au début et à la fin de lactation, respectivement). Bien que au cours de la 
saison du pâturage la qualité de l'herbe s’est détériorée, par une réduction de la teneur en feuilles et 





la structure de l'herbe et une réduction des résidus d'herbe après le pâturage, l'utilisation de la prairie 
est plus forte et la qualité de l'herbe est plus haute. Grâce à une bonne gestion des pâturages, avec 
l'application d'un chargement élevé au printemps, et sans pénaliser l'ingestion d'herbe par les animaux, 
est possible répondre aux besoins des bovins en lactation. 
Dans l'Essai 1.2.- Moorepark (Fermoy, Co. Cork, Irlande du Sud), soixante-quatre vaches 
laitières Holstein-Friesian en vêlages de printemps ont été distribuées au hasard à l'un des quatre 
groupes (n=16) au pâturage: deux offres d'herbe pré-pâturage (HM), faible (L, 1.600 kg de MS/ha) et 
haute (H, 2.400 kg de MS/ha), et deux disponibilité quotidienne de l'herbe (DHA), faible (L, 15 kg 
MS/vache/jour ) et haute (H, 20 kg MS/vache/jour) ont été appliquées, en utilisant un design factoriel 
2x2. Les quatre groupes (LL, LH, HL et HH) ont réalisée du pâturage tournant, d'Avril à Octobre 2008, en 





16'O). On a enregistré la structure de l'herbe, l’ingestion d'herbe (PDMI) et, la production et la 
composition du lait dans les quatre groupes. Des troupeaux avec le faible offert d'herbe (1.600 kg de 
MS/ha) ont complété 9,5 rotations de 22 jours de durée par rapport à des troupeaux avec la haute offert 
d'herbe (2.400 kg de MS/ha), qui avait 6,5 rotations de 32 jours de durée. Le contenu des tiges et 
sénescents (à > 4,0 cm) était plus faible (p<0,001) dans des troupeaux avec le faible offert (groupes LL et 
LH) d'herbe (221 kg MS/ha pour les tiges et 170 kg MS/ha pour le matériel sénescent) que dans des 
troupeaux avec l'haut offert (groupes HL et HH) d'herbe (388 kg MS/ha pour les tiges et 303 kg de 
MS/ha pour le matériel sénescent). L'utilisation de l'herbe était plus élevé (p<0,001) dans des troupeaux 
avec la faible disponibilité quotidienne de l'herbe (groupes de LL et HL) par animal (97,7 et 98,3%, 
respectivement) que dans des troupeaux avec une haute disponibilité quotidienne de l'herbe (groupes 
de LH et HH) par animal (91,3 et 88,4%, respectivement). Les traitements avec la plus forte disponibilité 
de l'herbe ont montré une plus grande (p<0,001) production de lait par hectare (16.212 kg/vache/ha) et 
le plus élevé contenu (p<0,001) des solides du lait par hectare (1.213 kg/vache/ha) par rapport à 
traitements avec la faible disponibilité. L'expérience a montré l'importance de considérer la structure 
morphologique de l'herbe, telle que peux être modifiée par l’offert d'herbe pré-pâturage (HM) et par la 
disponibilité quotidienne de l'herbe par animal (DHA), dans la performance productive des bovins 
laitiers au pâturage. Le traitement LH, qui combine le faible HM à l'hectare (L, 1.600 kg de MS/ha) et la 
haute DHA (H, 20 kg MS/vache/jour) par animal, est celui qui a atteint une plus grande production de 
lait en moyenne (p<0,001) par vache (20,1 kg/vache/jour), avec une supérieure (p<0,001) production de 
lait par hectare (16.983 kg/vache/ha) et un supérieur extrait sec de lait à l'hectare (1.268 kg/vache/ha), 
parce que ce traitement a présenté une plus grande utilisation de l'herbe (98,3%), résultant en une 
augmentation de la qualité de l'herbe avec une teneur de tiges et de matériel sénescence plus faible 
(p<0,001) (226 et 166 kg MS/ha , respectivement). La combinaison d'un offert d'herbe faible par surface 
et une haute disponibilité quotidienne de l'herbe par animal est un élément clé dans la gestion des 





l'herbe ingérée, ce qui augmente les performances productives des bovins laitiers et, affiche aussi une 
forte teneur en solides du lait. 
Dans l'Essai 2.1.- Pin au Haras (Exmes, Normandie, Nord de la France), on a étudié la possibilité 
d'utiliser le modèle de pâturage tournant simplifié, avec un temps de séjour de dix jours dans une 
parcelle de pâturage de 4,8 ha surface et des intervalles de la repousse ultérieure de vingt jours. Ont été 
utilisés à cette fin, les données entre les années 2001 et 2005 des deux races de vaches conduites en 
vêlage de printemps, des Frisonnes (F, n=178) et des Normandes (N, n=174), en deux parités 
(primipares, n=149 et multipares, n=203), nourris avec deux niveaux de supplémentation, sans (0 
kg/vache/jour, n=174) et avec du concentré (4 k/vache/jour, n=178), au pâturage en utilisant des 
prairies permanentes de ray-grass (13,8 ha) et semées (19,6 ha) avec le ray-grass seul ou associé avec le 
trèfle blanc. L'étude a été menée à la station expérimentale INRA dans le Haras Pin au (France, 
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44'0"N; 0 ° 90'0" E) avec quatre groupes de vaches (F0, F4, N0 et N4), en utilisant un design factoriel 
2x2. On a enregistré le poids vifs (BW) et l'état corporel (BCS) des animaux et, la production individuelle 
et la composition chimique du lait ont été aussi mesurés dans les quatre troupeaux. Dans chaque cycle 
de pâturage, avec dix jours de résidence dans chaque parcelle, on a déterminé la production du lait 
maximale (MY max.), qui généralement est atteint le quatrième jour de résidence, et la perte de lait 
(Dm), qui pour la plupart a eu lieu le dixième jour tout au long de la courbe de lactation des animaux au 
cours des cinq années étudiées. Des vaches Normandes ont montré un BW (654 et 695 kg, 
respectivement) et un BCS (2,98 et 2,83, respectivement), au début et la fin de la saison de pâturage, 
supérieur (p<0,001) que ont présenté des Frisonnes en poids (612 et 659 kg, respectivement) et état 
corporel (2,13 et 2,18, respectivement). Les vaches supplémentées avec 4 kg/jour de concentré dans la 
ration a eu un BW et un BCS à la fin de la saison de pâturage (702 kg et 2,85, respectivement) plus 
élevée (p<0,001) que les vaches qui n'ont reçu aucune supplémentation (652 kg et 2,15, 
respectivement). La production totale de lait et le pic de production pour lactation était plus élevé 
(p<0,001) chez les vaches Frisonnes (7.591 et 36,2 kg/vache, respectivement) que chez les Normandes 
(6.214 et 29,2 kg / vache, respectivement). Les vaches supplémentées avec 4 kg/jour de concentré ont 
présenté une production totale de lait et un pic de production par lactation (7.567 et 35,0 kg/vache, 
respectivement) supérieur (p<0,001) que les vaches qui n'ont reçu aucune supplémentation (6.238 et 
30,4 kg/vache, respectivement). Le contenu de protéines et de lipides dans le lait étaient plus élevées 
(p<0,001) chez les vaches Normandes (34,5 et 40,6 g/kg MS, respectivement) que chez les Frisonnes 
(31,5 et 36,4 g/kg MS, respectivement). Les vaches supplémentées avec 4 kg/jour de concentré ont 
présentée des teneurs supérieurs (p<0,001) des protéines et inférieurs (p<0,001) des matières grasses 
(33,5 et 38,1 g/kg MS, respectivement) que les vaches n'ont reçu aucune supplémentation (32,4 et 38,9 
g/kg MS, respectivement). Le MY max. et la Dm étaient plus élevées (p<0,001) chez les vaches Frisonnes 
(25,1 et  − 6,4 kg/vache, respectivement) que chez les Normandes (21,0 et − 4.9 kg/vache, 





respectivement) ont montré un MY max. plus élevé (p<0,001) et une plus faible Dm (p<0,001) que les 
vaches qui n'ont reçu aucune supplémentation (21,2 et − 6,1 kg/vache, respectivement). Les vaches 
multipares (24,5 et  − 6,1 kg/vache, respectivement) ont présenté un MY max. plus élevé (p<0,001) et 
une Dm plus forte (p<0,001) que les primipares (21,6 et  − 5.2 kg/vache, respectivement). Les résultats 
de cette étude montrent que au quatrième jour de résidence dans une parcelle donnée, dans le cycle de 
pâturage de dix jours, s'atteint la production du lait maximale (MY max.) dans tous les troupeaux (sans 
distinction de race, du niveau de supplémentation et du stade de lactation des animaux), tout en 
passant une baisse importante de la hauteur et la disponibilité quotidienne de l'herbe. Il est nécessaire 
de contrôler la perte de lait (Dm), qui se produit généralement sur le dixième jour de résidence dans la 
parcelle, pour réussir que le pic de production se récupère dans le cycle de pâturage prochaine, mais 
avec une faible MY max, et que cette situation se maintient pendant tous les stades de la lactation. Il est 
donc possible de réduire le nombre de parcelles pour le pâturage à trois de grandes dimensions, grâce à 
l'augmentation du temps de séjour moyen dans chaque parcelle à dix jours, sans compromettre les 
performances de production des animaux au cours de la lactation. Les vaches Normandes (dans le Nord 
de la France), avec moins problèmes de reproduction et de santé, sont considérées comme une 
alternative à les Frisonnes, en dépit d'une baisse de la production du lait, mais elles ont une vie plus 
productive et une qualité supérieure du lait (des teneurs plus élevées en protéines et lipides). Choisir la 
race de vache qui est la plus adaptée au système fourragère est essentiel, pour une utilisation efficace 
du potentiel de production des animaux, en tenant compte le modèle de production retenu et des 
besoins du troupeau pendant la lactation afin d'adapter l'offre à la demande de produits alimentaires. 
Dans l'Essai 2.2.- Hillsborough (Hillsborough, Co. Down, Irlande du Nord), on a comparé les  
activités de comportement de deux races de vaches laitières au vêlage printemps, Holstein-Friesian (HF, 
n=40) et Jersey x Holstein-Friesian croisés (Jx, n=40), nourris avec deux systèmes différents de 
production laitière, un système à faible niveau d'intrants (G, n=40) basé sur l'utilisation de l'herbe au 
pâturage sur prairies de ray-grass anglais et l'autre un système à haut niveau d'intrants (C, n=40) dans 
stable avec de l'ensilage, en utilisant un design factoriel 2×2. L'étude a été menée à AFBI Hillsborough 




04'W) pendant six semaines à l'été 2009 avec quatre troupeaux de vaches 
(HF-G, HF-C, Jx-G et Jx-C). On a observé visuellement le comportement de tous les animaux à trois fois 
pendant une période de six semaines (P1, à la fin de Juillet, P2, à la mi-Août, P3, au fin d'Août) et on a 
enregistré le comportement animal des vaches laitières à intervalles 20 minutes, selon les activités 
suivantes: se coucher, manger/pâturer, être debout et à faire de la rumination. Aucune différence n'a 
été constatée entre les périodes dans le temps que le vaches au pâturage ont passé debout, mais s'il y 
avait des différences dans le temps que le vaches étaient couchés (p<.001), à pâturer (p<0,05) et à faire 
de la rumination (p<.001). Au pâturage, les animaux passent plus de temps à se coucher (P3, 271 et P1, 
153 min., respectivement) et à faire de la rumination (P3, 211 et P1, 132 min., respectivement) et moins 





Dans le stable, il n'y avait pas de différences entre les périodes en aucune des activités enregistrées.  La 
race (HF ou Jx croisés) n'a montré aucun effet sur l'un des comportements enregistrés. Le système a 
montré un effet sur le comportement de la vache, le temps que des animaux ont passé à manger était 
plus élevé (p<0,001) dans le système de pâturage à faible niveau d'intrants (G, 522 min.) que dans le 
système à haut niveau d'intrants (C, 173 min.). Le temps que les vaches étaient couchées (C, 411 et G, 
212 min.), debout (C, 236 et G, 85 min.) et ont passée à faire de la rumination (C, 244 et G, 141 min.) 
était plus élevé (p<0,001) dans les vaches confinées que au pâturage. La synchronisation des 
comportements a été plus élevée chez les vaches au pâturage parce que plusieurs membres du 
troupeau ont été à faire la même activité au même moment, indépendamment de la race (HF et Jx 
croisés), que dans les vaches confinées. Les résultats de cette étude soulignent l'importance de 
considérer le comportement des animaux dans les systèmes de production laitière, quand elles sont au 
pâturage ou confinées, pour son influence sur la consommation d'aliments, de son impact sur la 
production laitière et en tant que une mesure du bien-être des animaux dans le troupeau laitier. Les 
vaches Jersey croisés (en Irlande du Nord), avec moins de problèmes de reproduction et de santé, elles 
sont considérées comme une alternative aux Holstein-Frisonne dans les systèmes au pâturage en 
Irlande, en dépit d'une baisse de la production du lait, mais elles ont une vie plus productive et 
montrent une haute efficacité de conversion de l'herbe dans le lait avec une meilleure qualité du lait 
(grâce à des teneurs plus élevées en protéines et lipides). 
Dans l'Essai 3.1.- CIAM (Abegondo, La Corogne, Espagne), on a étudié la qualité et le profil des 
acides gras du lait de vache dans un système de production laitière durable, existant dans les régions 
humides de la Corniche Cantabrique comme la Galice, basée sur l'utilisation des fourrages verts 
(principalement des prairies au pâturage) comme la principale source d'approvisionnement en éléments 
nutritifs pendant la majeure partie de la lactation des vaches laitières. Soixante et un vaches laitières 
Holstein-Friesian conduites au vêlage d'automne ont été assignées au hasard à un de trois traitements, 
en fonction du type des aliments fournis et la proportion de ces components dans la ration: 100% du 
ensilage (S, n=11), 50% du pâturage et 50% du ensilage (G/S, n=27) et 100% du pâturage (G, n=21). Les 
groupes G/S et G ont fait du pâturage tournant en prairies de ray-grass anglais et trèfle blanc, de Mars à 
Octobre 2008, à la ferme expérimentale du CIAM en Galice (Espagne, 43o15'N; 81o18'O). On a enregistré 
la production d'herbe régulièrement dans chaque parcelle et la qualité des pâturages a été déterminée 
par une équipe NIRSystem 6500. La production laitière journalier a aussi été enregistrée et une fois pour 
semaine la composition du lait a été mesurée en déterminant le profil des acides gras du lait dans les 
trois groupes des bovins par chromatographie en phase gazeuse-spectrométrie de masse utilisant une 
équipe Agilent Technologies 6890N. La disponibilité quotidienne de l'herbe était plus faible (p<0,05) 
chez G que chez G/S (19,4 et 23,9 kg MS/vache/jour, respectivement), avec des hauteurs pré-pâturage 
(G , 16,4 et G/S, 4,7 cm, respectivement) et post-pâturage (G 17,3 et G/S, 7,2 cm, respectivement) plus 





et 40,1%, respectivement) et une qualité de l'herbe supérieure (p<0,01) avec une teneur plus élevée en 
protéines brutes dans les pâturages (CP: G 144 et G/S, 118 g/kg MS, respectivement), des glucides 
solubles dans l'eau (WSC: G, 182 G/S, 148 g/kg MS, respectivement) et de la digestibilité in vitro de la 
matière organique (IVODM: G, 785 et G/S, 756 g/kg MS, respectivement) et, une plus faible teneur en 
fibres acides (ADF: G, 271 G/S, 118 g/kg MS, respectivement) et neutres (NDF: G, 525; G/S, 574 g/kg MS, 
respectivement). Le groupe avec une ration 100% au pâturage (G) a montré une diminution (p<0,05) aux 
teneurs des acides gras du lait, g/100 g d'esters méthyliques d'acides gras (FAME), à chaîne courte 
(SCFA, 8,34) et moyennes (SCFA, 39,24), considérés comme nocives pour la santé humaine, et une 
augmentation (p<0,05) aux teneurs des acides gras à longue chaîne (LCFA, 42,29), considérés comme 
bénéfiques pour la santé humaine. Des niveaux plus élevés (p<0,05) des acides gras mono-insaturés et 
polyinsaturés (MUFA, 25,20 et PUFA, 4,24 g/100 g de FAME, respectivement) ont été trouvés dans le 
groupe G avec une ration 100% au pâturage. La teneur en CLA a augmenté (p<0,05) quand la proportion 
d'herbe dans l'alimentation des vaches laitières a augmenté de 0,49, 0,82 à 1,14 g/100 g de FAME, 
respectivement pour des traitements S (100% du ensilage), G/S (50% du pâturage et 50% du ensilage) et 
G (100% du pâturage), respectivement. Le profil en acides gras du lait a montré une certaine 
saisonnalité quand la saison du pâturage au progressée. En été, les niveaux de CLA étaient trois fois plus 
élevés dans les matières grasses du lait des vaches Holstein-Friesian au pâturage (p<0,001, G: 0,76 g/100 
g de FAME) que quand elles étaient dans le stable nourris avec du ensilage (S: 0, 47 g/100 g de FAME). 
La teneur en CLA a aussi été deux fois plus élevé en été (p<0,001, 0,40 g/100 g de FAME) pour le groupe 
G/S par rapport au printemps pour le groupe S (0,47 g/100 g FAME). Les résultats de cette étude 
montrent qu'une forte proportion d'herbe dans l'alimentation du troupeau laitier, sous la forme de 
pâturage comme la source d'éléments nutritifs moins chère qu'il y, est un facteur déterminant pour 
l'augmentation de la teneur en CLA du lait de vache et peut-être c'est un moyen d'accroître la valeur 
ajoutée du lait produit dans les fermes en Galice, que basent son modèle de production laitière à 
l'utilisation des pâturages, et avec qui est amélioré le profil des acides gras du lait. Combiner un apport 
élevé d'herbe fraîche d'haute qualité (riche en protéines, glucides et forte digestibilité mais pauvre en 
fibres) est possible avec une amélioration dans le profil des acides gras du lait (avec des niveaux plus 
élevés d'acides gras mono- et polyinsaturés) grâce à une gestion appropriée des pâturages. Le contenu 
de CLA montre une certaine saisonnalité au cours de la saison de pâturage, avec des niveaux plus élevés 
à l'été avec une ration 100% au pâturage. 
Dans l'Essai 3.2.- CIAM (Abegondo, La Corogne, Espagne), les graines des oléagineuses sont 
introduits dans le concentré afin de déterminer son effet sur la composition et le profil des acides gras 
du lait de vache dans une expérience menée au CIAM en Galice (Espagne, 43o15'N; 81o18'O). À cette fin, 
trente-six vaches laitières Holstein-Friesian au vêlage de printemps ont été randomisée distribuées à un 
de trois (n=12) des groupes (C5, C7 et B7) nourris dans le stable avec du ensilage. On a étudié deux 





céréales (B, de l'orge), avec deux niveaux de supplémentation, 5 et 7 kg de MS/vache/jour, pendant dix 
semaines à l'automne 2007. On a enregistré journalière la production du lait et une fois pour semaine 
on a analysé la composition du lait et on a déterminé le profil des acides gras du lait dans les trois 
troupeaux de vaches laitières confinées, par chromatographie en phase gazeuse-spectrométrie de 
masse utilisant une équipe Agilent Technologies 6890N. La production de lait était plus élevé (p<0,001) 
dans les groupes au niveau haut de concentré (C7, 17,9 et B7, 18,1 kg/vache/jour, respectivement) que 
dans le groupe au niveau faible de concentré (C5, 15,7 kg/vache/jour) et les vaches aux traitements B7 
et C7 ont été ceux qui ont présenté des poids vifs plus élevés (p<0,05). La teneur en protéines dans le 
lait était plus faible (p<0,05) dans le traitement avec des doses élevées de graines de coton dans la 
ration (C7, 30,7 g/kg MS) que dans le traitement avec de l'orge (B7, 32,7 g/kg de MS). Cependant, 
aucune différence significative n’a été trouvée entre les traitements à la teneur en matières grasses et 
en urée du lait. Il n'y avait aucune différence entre les traitements à la teneur des acides gras du lait à 
court (SCFA), moyen (MCFA) et long chaîne (LCFA). Toutefois, des niveaux plus élevés (p<0,05) ont été 
obtenus en des acides gras polyinsaturés (PUFA) et du acide linoléique dans le traitement C7 (2,48 et 
2,22 g/100 g de FAME, respectivement) que dans le traitement C5 (2,16 et 1,92 g/100 g de FAME, 
respectivement) avec un ratio de SFA/UFA plus faible dans le traitement C7 (3,74) que dans le 
traitement C5 (3,98). Les résultats de cette étude montrent que l'inclusion des graines de coton dans le 
concentré, pour supplémenter le régime alimentaire des bovins laitiers à base d'ensilage pendant le 
logement, peut-être une stratégie alimentaire appropriée pour être mis en œuvre dans les exploitations 
agricoles, qui n'ont pas d'herbe à l'automne pour pâturer ou que l'herbe de la que disposent est de 
mauvaise qualité, à fin d'améliorer le profil des acides gras du lait en utilisant des suppléments riches en 
matières grasses pour augmenter les niveaux des acides gras polyinsaturés dans le lait de vache. 
L'étude dans cette Thèse des "Systèmes Durables de Production Laitière en Zones Humides avec 
l'Utilisation des Ressources de l'Exploitation" contribue à la connaissance et à l'évaluation des facteurs 
nécessaires pour réduire les coûts d'alimentation des bovins laitiers dans les régions humides de l'Arc 
Atlantique Européenne comme la Galice (NW Espagne). La base de cet étude est dans l'utilisation des 
ressources disponibles à l'exploitation et le contrôle des facteurs provenant du pâturage (le chargement, 
l’offert d'herbe pré-pâturage, la disponibilité quotidienne de l'herbe, le temps de résidence dans les 
parcelles, la source de fourrage/concentré dans la ration et les niveaux de la supplémentation sur le 
pâturage) et du animal (état et numéro de lactation, la race des vaches et les activités de comportement 
des animaux au pâturage/confinés) et son interaction au sein du troupeau laitière en la ferme. On 
cherche ainsi à obtenir une conversion efficace de l'herbe en lait, de façon compétitive et rentable en 
termes de réduire les coûts d'alimentation du troupeau laitière en tenant compte du contexte actuel de 
la région dans laquelle la qualité et le profil d'acides gras du produit final est devenu particulièrement. 
Des études réalisés, on doit insister sur l'importance de la mise en œuvre de bonnes pratiques 





grâce à un changement de la structure de l'herbe, ce qui nous permet de combiner l'offert de l'herbe 
pré-pâturage (HM) et la disponibilité quotidienne de l'herbe (DHA) par animal (Essai 1.2.- Moorepark) 
pour atteindre une plus grande utilisation de l'herbe, avec mineurs résidus d'herbe post-pâturage et 
maintenir une meilleure qualité de l'herbe au cours des ultérieures rotations au pâturage. La qualité de 
l'herbe dans ces conditions, avec une faible teneur en matière sèche et des fibres (acide et neutre) et 
des niveaux plus élevés des protéines brutes, des glucides solubles dans l'eau et de la digestibilité de 
l'herbe permet une meilleure de la qualité du lait (avec une teneur élevée en protéines et lipides). Tout 
cela, sans pénaliser la production individuelle de lait, et fait attention à la gestion des pâturages afin de 
maintenir une consommation élevée d'herbe de qualité qui répondent aux besoins de la vache laitière 
en tout temps de la lactation. Généralement on utilisé de la supplémentation pour compléter la ration 
au pâturage (en particulier au pic de lactation, lorsque les vaches souvent sont dans un état de déficit 
énergétique, et la supplémentation avec du ensilage/concentré peut aider à remédier cette situation de 
carence) pour maintenir aux animaux dans les niveaux souhaités de production laitière. Choisir la race 
de vache la plus appropriée au système de production améliore sa efficacité et dans cette Thèse ont été 
évalués deux systèmes de production laitière en utilisant deux races bovines (Frisonnes et Normandes), 
nourris avec deux niveaux de supplémentation, sans et avec du concentré au pâturage (Essai 2.1.- Pin au 
Haras). Ont également été identifiés les activités de comportement des animaux utilisant deux races de 
vaches (Holstein-Friesian et Jersey croisés), pendant la journée, comparant un système à faible niveau 
d'intrants au pâturage par rapport à autre à haut niveau d'intrants en confinement (Essai 2.2. 
Hillsborough), en tenant compte toujours des besoins nutritives et de repos ou pour faire la rumination. 
Les systèmes de pâturage ont devenu de plus en plus un outil essentiel pour réduire les coûts 
de production grâce à qu'ils sont capables de gérer efficacement les ressources disponibles à 
l'exploitation. Parce que dans les exploitations au pâturage il y a une forte dépendance de l'herbe verte 
dans la ration des vaches laitières la valeur ajoutée du produit final, le lait, peuvent accroître avec une 
teneur plus élevée en acide linoléique conjugué dans la matière grasse du lait. Cet acide gras est 
considéré comme bénéfique pour la santé humaine et son absorption est supérieur dans les 
exploitations galiciennes qui s'appuient sur des pâturages pour nourrir les vaches (Essai 3.1.- CIAM). 
Avec une alimentation basé sur l'usage du ensilage peut-être s'utiliser des graines des oléagineuses 
telles comme le coton, ajouté dans le concentré pour améliorer le profil d'acides gras du lait de vache, 
au pâturage et en confinement (Essais et 3.1.- et 3.2.- CIAM). L'évaluation de ces facteurs devrait être la 
base sur laquelle construire des systèmes durables de production laitière dans les régions humides 
comme la Galice. Pour ce faire, l'utilisation des stratégies appropriées de gestion des pâturages est 
cruciale au niveau de l'exploitation afin d'optimiser la qualité de l'herbe pâturé et l'ingestion de matière 
sèche de l'herbe, maximisant au même temps le rendement du lait par vache et par hectare, avec une 
augmentation de la qualité du lait et une amélioration du profil des acides gras du lait, et tout ensemble 





RESUMEN DE TESIS 
Esta Tesis Doctoral ha sido realizada en el Centro de Investigaciones Agrarias de Mabegondo 
(CIAM), dependiente del Instituto Gallego de Calidad Alimentaria (INGACAL) de la Consellería de Medio 
Rural de la Xunta de Galicia, dentro del Proyecto de Investigación RTA2005-00204-00 titulado 
“Evaluación de la eficacia de sistemas sostenibles de producción de leche a través de la aplicación de 
sistemas de soporte de decisiones y de metodologías prácticas de estimación de la ingestión de 
nutrientes en explotaciones comerciales de Galicia”, financiado por el Instituto Nacional de Investigación 
y Tecnología Agraria y Alimentaria (INIA), del Ministerio de Educación y Ciencia, y en colaboración con la 
Escuela Politécnica Superior de la Universidad de Santiago de Compostela (USC). Durante cuatro años, la 
doctoranda ha sido beneficiaria de una beca de Formación de Personal Investigador financiada por el 
INIA y ha realizado el Máster en Industria y Economía Lechera de la USC y cinco estancias en centros de 
investigación y universidades extranjeras bajo la supervisión de varios investigadores internacionales. 
El objetivo principal de esta Memoria de Tesis, incluido en su título, se enmarca dentro de la 
propia filosofía del CIAM "El estudio de sistemas sostenibles de producción de leche en zonas húmedas 
con utilización de recursos de la explotación". Este estudio nos permite profundizar en el conocimiento 
del importante papel que la producción de leche, basada en el uso de los pastos (principalmente las 
gramíneas y leguminosas), juega en las regiones húmedas del Arco Atlántico Europeo, a fin de lograr un 
uso eficiente de la superficie agraria útil existente en Galicia, reduciendo los costes de alimentación del 
ganado vacuno lechero y obteniendo productos lácteos con un alto valor añadido debido a una mejora 
en el perfil de ácidos grasos de la leche. 
El trabajo llevado a cabo durante esta Tesis se divide en tres secciones principales descritas en 
el Capítulo IV en donde se plantean seis ensayos experimentales realizados en diferentes Centros de 
Investigación Europeos. En ellos, se estudian algunos de los factores más importantes que influyen en la 
interacción entre el pasto y el animal, con el objetivo de obtener una visión de conjunto e integrada de 
los sistemas de producción de leche basados en el empleo de los pastos para la alimentación del ganado 
vacuno. En primer lugar, se presenta la sección titulada la Ingestión de Hierba a través del Manejo del 
Pasto (Ensayo 1.1.- CIAM y Ensayo 1.2.- Moorepark); en segundo lugar, la sección correspondiente al 
Sistema de Pastoreo (Ensayo 2.1.- Pin au Haras y Ensayo 2.2.- Hillsborough) y, en tercer lugar, la relativa 
al estudio de la Calidad de la Leche: el Perfil de Ácidos Grasos (Ensayo 3.1.- CIAM y Ensayo 3.2.- CIAM). 
Fruto de la visión multidisciplinar que supone el estudio de estos sistemas sostenibles, se 
presenta una cuarta sección, también dentro del Capítulo IV, que incluye otros trabajos de investigación 
que, sin establecer ensayos específicos en campo, tratan otros aspectos y complementan la evaluación 
de los sistemas de producción de leche en pastoreo existentes en zonas húmedas, entre ellos: (1) una 
revisión bibliográfica de los diferentes métodos no destructivos para determinar la oferta de hierba pre-
pastoreo, (2) la determinación de la urea en leche como un índice diagnosticador de la ración del 





medio de un equipo de espectroscopía de reflectancia en el infrarrojo cercano (NIRS), (4) el balance de 
nitrógeno al animal y la determinación de las emisiones de óxido nitroso derivadas de un sistema de 
pastoreo rotacional con aplicación de dos cargas ganaderas, (5) la variación estacional en la composición 
de la leche y (6) la evaluación de un sistema de recría de novillas en pastoreo.   
En el Ensayo 1.1.- CIAM (Abegondo, A Coruña, España), se disponía de setenta y dos vacas 
lecheras Holstein-Friesian en dos estados de lactación, inicio-partos de primavera (S, n=44) y final-partos 
de otoño (A, n=28). Se aplicaron dos cargas ganaderas (SR), baja (L, n=36) y alta (H, n=36), distribuyendo 
aleatoriamente los animales en cuatro grupos de pastoreo (LS, LA, HS y HA) utilizando un diseño 
factorial 2x2. Los grupos pastaron, de marzo a agosto de 2007, áreas independientes de raigrás inglés y 




18’O). En cada rotación se determinó la 
producción de hierba, la calidad del pasto y la ingestión de forraje, así como la producción de leche y su 
composición. Los grupos con alta carga (4,8 vacas/ha) completaron cinco rotaciones, con más días de 
pastoreo (+13 días) y menores alturas pre-pastoreo (14,3 cm) y post-pastoreo (5,3 cm) y, una mayor 
utilización de la hierba (81,7%) en comparación con los grupos de baja carga (3,9 vacas/ha) que 
realizaron una rotación menos. La disponibilidad diaria de hierba (DHA) y la ingestión de materia seca 
del pasto (PDMI) fueron menores en la alta carga (grupos H) que en la baja (grupos L). La baja ingestión 
de pasto (p<0,05) en la alta carga (13,4 kg MS/vaca/día) fue compensada con una mayor calidad del 
pasto (p<0,05) con unos contenidos superiores en proteína bruta (CP: 149,1 g/kg MS), carbohidratos 
solubles en agua (WSC: 166,7 g/kg MS) y digestibilidad in vitro de la materia orgánica (IVODM: 746,8 
g/kg MS) y menores contenidos en materia seca (DM: 18,4%) y fibras ácido (ADF: 283,5 g/kg MS) y 
neutro (NDF: 508,6 g/kg MS) detergente. La calidad del pasto descendió (p<0,05) de la rotación 1 a la 5, 
observándose una mayor calidad de la hierba cuando se aplicó la alta carga. La producción de leche (MY) 
fue mayor (p<0,05) en vacas de partos de primavera (24,8 kg/vaca/día), con contenidos menores 
(p<0,05) de proteína (28,9 g/kg MS) y grasa (36,9 g/kg MS) en leche, que en vacas de partos de otoño 
debido a sus diferentes estados de lactación. No se observaron diferencias significativas en MY entre 
tratamientos para las dos cargas, sin embargo, los contenidos de proteína y grasa fueron superiores 
cuando se aplicó la alta carga (+0,9 y +1,0 g/kg MS). Al aumentar la carga se logró una menor ingestión 
de pasto, pero una mayor calidad de la hierba sin penalizar la producción y la calidad de la leche. El 
incremento de carga en la época de pastoreo, en los tratamientos HS y HA, mostró efectos beneficiosos 
sobre el rendimiento productivo de vacas en pastoreo, en ambos estados de lactación (vacas con partos 
de primavera y de otoño a inicio y final de lactación, respectivamente). A pesar de que con el transcurso 
de la época de pastoreo la calidad de la hierba se deteriora, por un descenso del contenido en hojas y un 
incremento del material senescente, con alta carga se logra mejorar la estructura del pasto y menores 
residuos de hierba post-pastoreo, mayor utilización de la pradera y mayor calidad del pasto. Con un 
adecuado manejo del pasto, aplicando una alta carga en primavera, y sin penalizar la ingestión de hierba 





En el Ensayo 1.2.- Moorepark (Fermoy, Co. Cork, Sur de Irlanda), se utilizaron sesenta y cuatro 
vacas lecheras Holstein-Friesian de partos de primavera distribuidas aleatoriamente en cuatro grupos 
(n=16) de pastoreo: dos ofertas de hierba pre-pastoreo (HM), baja (L, 1.600 kg MS/ha) y alta (H, 2.400 kg 
MS/ha), y dos disponibilidades diarias de hierba (DHA), baja (L, 15 kg MS/vaca/día) y alta (H, 20 kg 
MS/vaca/día), aplicando un diseño factorial 2x2. Los cuatro grupos (LL, LH, HL y HH)  pastaron 
rotacionalmente, de abril a octubre de 2008, praderas de raigrás inglés en TEAGASC Moorepark Dairy 




16’O). Se determinó la estructura del pasto, la 
ingestión de pasto (PDMI) y, la producción y composición de la leche en los cuatro grupos. Los rebaños 
con baja oferta de pasto (1.600 kg MS/ha) completaron 9,5 rotaciones de 22 días de duración en 
comparación con los de alta oferta (2.400 kg MS/ha) que tuvieron 6,5 rotaciones de 32 días de duración. 
El contenido de tallos y material senescente (a > 4,0 cm) fue menor (p<0,001) en los rebaños con baja 
oferta (grupos LL y LH) de hierba (221 kg MS/ha para tallos y 170 kg MS/ha para material senescente) 
que con alta oferta (grupos HL y HH) de hierba (388 kg MS/ha para tallos y 303 kg MS/ha para material 
senescente). La utilización del pasto fue mayor (p<0,001) con baja disponibilidad diaria de hierba 
(grupos LL y HL) por animal (97,7 y 98,3%, respectivamente) que con alta disponibilidad (grupos LH y HH) 
por animal (91,3 y 88,4%, respectivamente). Los tratamientos con alta disponibilidad mostraron mayor 
(p<0,001) producción de leche por hectárea (16.212 kg/vaca/ha) y mayor (p<0,001) contenido de sólidos 
en leche por hectárea (1.213 kg/vaca/ha) en comparación con los tratamientos con baja disponibilidad. 
El experimento reflejó la importancia de considerar la estructura morfológica del pasto, modificada en 
función de la oferta de hierba pre-pastoreo (HM) y de la disponibilidad diaria de hierba por animal 
(DHA), en el rendimiento productivo del ganado vacuno lechero en pastoreo. El tratamiento LH, que 
combinó baja HM por ha (L, 1.600 kg MS/ha) y alta DHA (H, 20 kg MS/vaca/día) por animal, fue el que 
logró mayor producción media de leche (p<0,001) por vaca (20,1 kg/vaca/día), con una mayor (p<0,001) 
producción de leche por hectárea (16.983 kg/vaca/ha) y un mayor contenido de sólidos en leche por 
hectárea (1.268 kg/vaca/ha), al presentar una mayor utilización de la hierba (98,3%), lo que provocó un 
incremento en la calidad del pasto con un contenido de tallos y material senescente menor (p<0,001) 
(226 y 166 kg MS/ha, respectivamente). La combinación de una baja oferta de pasto por superficie y una 
alta disponibilidad diaria de hierba por animal resulta clave en el manejo de los sistemas de pastoreo 
dado que gracias a ella es posible mejorar la calidad del pasto ingerido, aumentando el rendimiento 
productivo del ganado vacuno lechero y, mostrando además un contenido de sólidos en leche superior. 
En el Ensayo 2.1.- Pin au Haras (Exmes, Normandía, Norte de Francia), se estudia la posibilidad 
de utilizar el modelo de pastoreo rotacional simplificado, con un tiempo de residencia de diez días en 
una parcela de pastoreo de 4,8 ha de superficie e intervalos posteriores de rebrote de veinte días. Se 
utilizaron, para ello, los datos comprendidos entre los años 2001 y 2005 de dos razas de vacas de partos 
de primavera, Frisonas (F, n=178) y Normandas (N, n=174), en dos estados de lactación (primíparas, 





con (4 kg/vaca/día, n=178), en pastoreo de praderas permanentes de raigrás inglés (13,8 ha) y 
sembradas (19,6 ha) con raigrás inglés solo o asociadas con trébol blanco. El ensayo se realizó en la 
Estación Experimental del INRA en el Pin au Haras (Francia, 48
o
44' 0"N; 0°90'0"E) con cuatro grupos de 
vacas (F0, F4, N0 y N4), aplicando un diseño factorial 2x2. Se registró el peso vivo (BW) y la condición 
corporal (BCS) de los animales y, se midió la producción individual y la composición química de la leche 
en los cuatro rebaños. En cada ciclo de pastoreo, de diez días de residencia en cada parcela, se 
determinó el máximo de producción de leche (MY máx.), que se alcanzó generalmente al cuarto día de 
residencia, y la caída de leche (Dm), que mayoritariamente se produjo al décimo día durante toda la 
curva de lactación de los animales en los cinco años en estudio. Las vacas Normandas mostraron un BW 
(654 y 695 kg, respectivamente) y una BCS (2,98 y 2,83, respectivamente), al inicio y al final de la época 
de pastoreo, superior (p<0,001) al que presentaron las Frisonas en peso (612 y 659 kg, respectivamente) 
y condición corporal (2,13 y 2,18, respectivamente). Las vacas suplementadas con 4 kg/día de 
concentrado en la ración presentaron un BW y una BCS al final de la época de pastoreo (702 kg y 2,85, 
respectivamente) superior (p<0,001) que las vacas que no recibieron suplementación (652 kg y 2,15, 
respectivamente). La producción total de leche y el pico de producción por lactación fue mayor 
(p<0,001) en las vacas Frisonas (7.591 y 36,2 kg/vaca, respectivamente) que en las Normandas (6.214 y 
29,2 kg/vaca, respectivamente). Las vacas suplementadas con 4 kg/día de concentrado presentaron una 
producción total de leche y un pico de producción por lactación (7.567 y 35,0 kg/vaca, respectivamente) 
mayor (p<0,001) que las vacas que no recibieron suplementación (6.238 y 30,4 kg/vaca, 
respectivamente). Los contenidos de proteína y grasa en leche fueron mayores (p<0,001) en las vacas 
Normandas (34,5 y 40,6 g/kg MS, respectivamente) que en las Frisonas (31,5 y 36,4 g/kg MS, 
respectivamente). Las vacas suplementadas con 4 kg/día de concentrado presentaron unos contenidos 
mayores (p<0,001) de proteína y menores (p<0,001) de grasa (33,5 y 38,1 g/kg MS, respectivamente) 
que las vacas que no recibieron suplementación (32,4 y 38,9 g/kg MS, respectivamente). El MY máx. y la 
Dm fueron mayores (p<0,001) en las vacas Frisonas (25,1 y  − 6,4 kg/vaca, respectivamente) que en las 
Normandas (21,0 y  − 4,9 kg/vaca, respectivamente). Las vacas suplementadas con 4 kg/día de 
concentrado (24,9 y  − 5,3 kg/vaca, respectivamente) mostraron un MY máx. mayor (p<0,001) y una Dm 
menor (p<0,001) que las vacas que no recibieron suplementación (21,2 y  − 6,1 kg/vaca, 
respectivamente). Las vacas multíparas (24,5 y − 6,1 kg/vaca, respectivamente) presentaron un MY máx. 
mayor (p<0,001) y una Dm mayor (p<0,001) que las primíparas (21,6 y − 5,2 kg/vaca, respectivamente). 
Los resultados de este ensayo muestran que al cuarto día de residencia en una parcela determinada, 
dentro del ciclo de pastoreo de diez días, se alcanza un máximo de producción de leche (MY máx.) en 
todos los rebaños (independientemente de la raza, del nivel de suplementación y del estado de 
lactación de los animales), al tiempo que sucede un gran descenso en la altura y disponibilidad diaria de 
hierba. Es preciso controlar la caída de leche (Dm), que normalmente se produce al décimo día de 





pastoreo, aunque sea con un menor MY máx, y que esto se mantenga en el transcurso de toda la 
lactación. Es posible, pues, reducir el número de parcelas para pastoreo a tres de grandes dimensiones, 
al aumentar el tiempo medio de residencia en cada una de ellas a diez días, sin comprometer el 
rendimiento productivo de los animales durante toda la lactación. Las vacas Normandas (en el Norte de 
Francia), con menores problemas de reproducción y sanitarios, se las considera una alternativa a las 
Frisonas, a pesar de presentar una menor producción de leche, pero cuentan con una vida productiva 
más larga y una calidad de la leche superior (contenidos más altos de proteína y grasa). Elegir la raza de 
vaca lechera más adaptada al sistema forrajero elegido es esencial, para un aprovechamiento eficiente 
del potencial productivo del animal, teniendo siempre en cuenta el modelo productivo seleccionado y 
las necesidades del rebaño en la lactación con el fin de adecuar la oferta a la demanda alimentaria. 
En el Ensayo 2.2.- Hillsborough (Hillsborough, Co. Down, Irlanda del Norte), se contrasta  el 
comportamiento de dos razas de vacas lecheras, Holstein-Friesian (HF, n=40) y Jersey × Holstein-Friesian 
mestizas (Jx, n=40), de partos de primavera alimentadas con dos sistemas diferentes de producción de 
leche, de bajos insumos en pastoreo (G, n=40) pastando praderas de raigrás inglés y de altos insumos en 
establo confinadas (C, n=40) con ensilado, utilizando un diseño factorial 2×2. El ensayo se realizó en AFBI 




04'W) durante seis semanas en el verano de 2009 con 
cuatro rebaños de vacas (HF-G, HF-C, Jx-G y Jx-C). Se observó visualmente el comportamiento de todos 
los animales en tres ocasiones durante períodos de dos semanas (P1, a finales de julio; P2, a mediados 
de agosto; P3, a finales de agosto) y se registraron los patrones de comportamiento animal, a intervalos 
de 20 minutos, de las siguientes actividades: vacas tumbadas, comiendo/pastando, de pie y rumiando. 
No se observaron diferencias entre períodos en el tiempo que las vacas en pastoreo pasaron de pie, 
pero si lo hubo en el que estuvieron tumbadas (p<0,001), comiendo (p<0,05) y rumiando (p<0,001). En 
pastoreo, los animales dedicaron más tiempo a estar tumbados (P3, 271 y P1, 153 min., 
respectivamente) y a rumiar (P3, 211 y P1, 132 min., respectivamente) y menor tiempo a comer (P3, 490 
y P1, 554 min., respectivamente) a medida que la época de pastoreo avanzó. En establo, no se observó 
diferencia alguna entre períodos para ninguna de las actividades registradas. La raza (HF o Jx mestizas) 
no mostró efecto alguno en cualquiera de las conductas registradas. El sistema mostró un efecto sobre 
el comportamiento de las vacas, el tiempo que los animales pasaron comiendo fue mayor (p<0,001) en 
el sistema con bajos insumos en pastoreo (G, 522 min.) que con altos insumos en establo confinadas (C, 
173 min.). El tiempo que las vacas estuvieron tumbadas (C, 411 y G, 212 min.), de pie (C, 236 y G, 85 
min.) y rumiando (C, 244 y G, 141 min.) fue mayor (p<0,001) en establo confinadas que en pastoreo. La 
sincronía de comportamientos fue mayor en las vacas en pastoreo al realizar varios miembros del 
rebaño la misma actividad al mismo tiempo, independientemente de la raza (HF y Jx mestizas), que en 
las vacas estabuladas. Los resultados de este ensayo ponen de manifiesto la importancia de considerar 
el comportamiento animal dentro de los sistemas productivos, tanto en pastoreo como en establo, por 





medida de bienestar animal de la cabaña lechera. Las vacas Jersey mestizas (en el Norte de Irlanda), con 
menores problemas de reproducción y sanitarios, se las considera una alternativa a las Holstein-Friesian 
en los sistemas de pastoreo irlandeses, a pesar de presentar una menor producción de leche, pero 
poseen una mayor vida productiva y una alta eficiencia de transformación del pasto en leche con una 
calidad de la leche superior (contenidos más altos de proteína y grasa).  
En el Ensayo 3.1.- CIAM (Abegondo, A Coruña, España), se estudia la calidad y el perfil de 
ácidos grasos de la leche de vaca en sistemas sostenibles de producción de leche, existentes en regiones 
húmedas de la Cornisa Cantábrica como Galicia, basados en el empleo de los forrajes verdes 
(principalmente las praderas en pastoreo) como fuente principal de suministro de nutrientes durante la 
mayor parte de la lactación para el ganado vacuno lechero. Se dispuso de sesenta y una vacas Holstein-
Friesian de partos de otoño distribuidas aleatoriamente en tres tratamientos, según el tipo de forraje 
suministrado y su proporción: 100% silo (S, n=11), 50% pastoreo y 50% silo (G/S, n=27) y 100% pastoreo 
(G, n=21). Los grupos G/S y G pastaron rotacionalmente praderas de raigrás inglés y trébol blanco, de 





registró de forma rutinaria la producción de hierba en cada parcela y la calidad del pasto se determinó 
con un equipo NIRSystem 6500. Se registró diariamente la producción y, semanalmente se midió la 
composición de la leche determinándose el perfil de ácidos grasos de la leche en los tres grupos de 
vacas por cromatografía de gases-espectrometría de masas usando un equipo Agilent Technologies 
6890N. La disponibilidad diaria de hierba fue menor (p<0,05) en el tratamiento G que en el G/S (19,4 y 
23,9 kg MS/vaca/día, respectivamente), con unas alturas pre-pastoreo (G, 16,4 y G/S, 4,7 cm, 
respectivamente) y post-pastoreo (G, 17,3 y G/S, 7,2 cm, respectivamente) menores, pero con una 
utilización del pasto mayor en G que en el G/S (89,2 y 40,1%, respectivamente) y una calidad de la 
hierba superior (p<0,01) con unos contenidos más altos en proteína bruta en el pasto (CP: G, 144 y G/S, 
118 g/kg MS, respectivamente), carbohidratos solubles en agua (WSC: G, 182 y G/S, 148 g/kg MS, 
respectivamente) y digestibilidad in vitro de la materia orgánica (IVODM: G, 785 y G/S, 756 g/kg MS, 
respectivamente) y, unos contenidos más bajos en fibras ácido (ADF: G, 271 y G/S, 118 g/kg MS, 
respectivamente) y neutro detergente (NDF: G, 525 y G/S, 574 g/kg MS, respectivamente). El grupo con 
100% pastoreo (G) mostró una disminución (p<0,05) en el contenido de ácidos grasos, g/100 g de los 
ésteres metílicos de los ácidos grasos (FAME), de cadena corta (SCFA, 8,34) y media (MCFA, 39,24), 
considerados perjudiciales para la salud humana, y un aumento (p<0,05) en el contenido de ácidos 
grasos de cadena larga (LCFA, 42,29), considerados beneficiosos para la salud humana. Los niveles más 
altos (p<0,05) en ácidos grasos monoinsaturados y poliunsaturados (MUFA, 25,20 y PUFA, 4,24 g/100 g 
de FAME, respectivamente) se encontraron en el tratamiento G con 100% pastoreo. El contenido en CLA 
aumentó (p<0,05) a medida que se incrementó la proporción de pasto en la ración de las vacas lecheras 
desde 0,49, 0,82 hasta 1,14 g/100 g de FAME, respectivamente para los tratamientos S (100% silo), G/S 





mostró cierta estacionalidad en función de la época de pastoreo. En verano, los niveles de CLA fueron 
tres veces superiores en la grasa láctea de vacas Holstein-Friesian en pastoreo (p<0,001, G: +0,76 g/100 
g de FAME) que con ensilado en establo (S: 0,47 g/100 g de FAME). El contenido de CLA fue además dos 
veces más alto en verano (p<0,001, +0,40 g/100 g de FAME) para el grupo G/S en comparación con 
primavera para el grupo S (0,47 g/100 g de FAME). Los resultados de este ensayo muestran que una alta 
proporción de hierba verde en la ración del rebaño lechero, bajo la forma de pastoreo como la fuente 
más barata de nutrientes que existe, es un factor determinante para incrementar el contenido de CLA 
en la leche de vaca y puede ser una vía para aumentar el valor añadido de la leche producida en las 
explotaciones gallegas, que basen su modelo productivo en el uso de los pastos, y con la cual se 
consigue mejorar el perfil de ácidos grasos de la leche. Conjugar una alta ingestión de pasto fresco de 
calidad (con un alto contenido en proteína, carbohidratos y digestibilidad y bajo en fibras) resulta 
factible con una mejora en el perfil de ácidos grasos de la leche (con unos niveles altos de ácidos grasos 
mono- y poli-insaturados) a través de un apropiado manejo de los pastos. El contenido de CLA muestra 
cierta estacionalidad a lo largo de la época de pastoreo, con unos niveles más altos de CLA en verano 
con 100% de pastoreo. 
En el Ensayo 3.2.- CIAM (Abegondo, A Coruña, España), se introducen semillas de oleaginosas 
en el concentrado para conocer su efecto sobre la composición y el perfil de ácidos grasos de la leche de 




18’O). Para ello, se distribuyeron 
aleatoriamente treinta y seis vacas lecheras Holstein-Friesian de partos de primavera y se asignaron a 
tres (n=12) grupos (C5, C7 y B7) alimentados en establo con ensilado. Se estudian dos fuentes de 
concentrado, semillas de oleaginosas (C, semilla de algodón) comparadas con granos de cereales (B, 
cebada), utilizando dos niveles de suplementación, 5 y 7 kg MS/vaca/día de concentrado, durante diez 
semanas en el otoño de 2007. Se registró diariamente la producción de leche y semanalmente se analizó 
la composición de la leche y se determinó el perfil de ácidos grasos de la leche, en los tres grupos de 
vacas estabuladas, por cromatografía de gases-espectrometría de masas usando un equipo Agilent 
Technologies 6890N. La producción de leche fue mayor (p<0,001) en los grupos con alto nivel de 
concentrado (C7, 17,9 y B7, 18,1 kg/vaca/día, respectivamente) que en el de bajo nivel concentrado (C5, 
15,7 kg/vaca/día) y las vacas de los tratamientos C7 y B7 fueron las que presentaron un peso vivo más 
elevado (p<0,05). El contenido de proteína en leche fue menor (p<0,05) en el tratamiento con alta dosis 
de semillas de algodón en la ración (C7, 30,7 g/kg MS) que en el tratamiento con cebada (B7, 32,7 g/kg 
MS). Sin embargo, no se observaron diferencias significativas entre tratamientos en el contenido de 
grasa y urea en leche. No se encontraron diferencias entre tratamientos en los FA de cadena corta 
(SCFA), media (MCFA) y larga (LCFA). A pesar de ello, se obtuvieron niveles más altos (p<0,05) de ácidos 
grasos poliinsaturados (PUFA) y de ácido linoleico en el tratamiento C7 (2,48 y 2,22 g/100 g de FAME, 
respectivamente) que en el C5 (2,16 y 1,92 g/100 g de FAME, respectivamente) con un ratio SFA/UFA 





inclusión de semillas de algodón en el concentrado, para suplementar la ración del ganado vacuno 
lechero basada en ensilado durante estabulación, puede ser una estrategia alimentaria adecuada a 
implementar en las explotaciones, que no dispongan de pasto en otoño para pastar o que el que posean 
sea de baja calidad, para mejorar el perfil de ácidos grasos de la leche recurriendo a suplementos ricos 
en grasas al aumentar los niveles de ácidos grasos poliinsaturados en leche de vaca. 
El estudio en esta Tesis de los "Sistemas Sostenibles de Producción de Leche en Zonas Húmedas 
con Utilización de Recursos de la Explotación” contribuye al conocimiento y a la evaluación de los 
factores necesarios para reducir los costes de alimentación del ganado vacuno lechero en regiones 
húmedas del Arco Atlántico Europeo como Galicia (NO España). La base de este estudio está en la 
utilización de los recursos de los que dispone la explotación y en el control de los factores derivados del 
pasto (carga ganadera, oferta de hierba pre-pastoreo, disponibilidad diaria de hierba, tiempo de 
residencia en las parcelas, fuente de forraje/concentrado en la ración y niveles de suplementación en 
pastoreo) y del animal (estado y número de lactación, raza de vaca y comportamiento animal de las 
vacas en pastoreo/estabulación) y de su interacción dentro de la explotación. Se pretende, con ello, 
lograr una eficiente conversión del pasto en leche, de modo competitivo y rentable teniendo en cuenta 
el contexto actual de la región en el que la calidad y el perfil de ácidos grasos del producto final ha 
cobrado especial relevancia en los últimos años. 
De los ensayos realizados, conviene destacar la importancia de la aplicación de buenas 
prácticas de manejo del pasto, ya sea aumentando la carga ganadera (SR) (Ensayo 1.1.- CIAM) o bien, 
modificando la estructura del pasto, que nos permite combinar la oferta de hierba pre-pastoreo (HM) y 
la disponibilidad diaria de hierba (DHA) por animal (Ensayo 1.2.- Moorepark), para lograr una mayor 
utilización del pasto, con menores residuos post-pastoreo y mantener una mayor calidad del pasto en 
oferta en las sucesivas rotaciones de pastoreo. La alimentación en pastoreo en estas condiciones, con 
un contenido menor en materia seca y fibras (ácido y neutro detergente) y unos niveles más altos de 
proteína bruta, carbohidratos solubles en agua y digestibilidad de la hierba proporciona una mayor 
calidad de la leche (con unos contenidos superiores en proteína y grasa). Todo ello, sin penalizar la 
producción individual de leche, y prestando atención al manejo del pasto al mantener una alta ingestión 
de hierba de calidad con la que se cubran las necesidades de la vaca en cada momento de la lactación. 
Se recurre además a la suplementación en pastoreo (normalmente en el pico de lactación, cuando las 
vacas se encuentran generalmente en una situación de déficit energético, y el suministro de 
silo/concentrado puede ayudar a paliar esta situación) para mantener a los animales dentro de los 
niveles deseados de producción de leche. Elegir la raza de vaca más adecuada al sistema productivo 
mejora su eficiencia y en esta Tesis se han evaluado dos sistemas de producción de leche utilizando dos 
razas de vacas (Frisonas y Normandas), alimentadas con y sin concentrado en pastoreo (Ensayo 2.1.- Pin 
au Haras). También se han determinado los patrones de comportamiento animal en dos razas de vacas 





pastoreo con otro de altos insumos en establo (Ensayo 2.2.- Hillsborough), en relación con las 
necesidades nuticionales y de descanso o rumia de los dos rebaños. 
Los sistemas de pastoreo se han convertido cada vez más en una herramienta imprescindible 
para reducir los costes de producción, al usar eficientemente los recursos de los que dispone la 
explotación. Gracias a la alta dependencia de la hierba verde en la ración del ganado vacuno lechero se 
puede aumentar el valor añadido del producto final, la leche, con un alto contenido de ácido linoleico 
conjugado en la grasa láctea. Este ácido graso es considerado beneficioso para la salud humana y su 
ingesta a través de una ración en pastoreo es mayor en aquellas explotaciones gallegas que confían en 
los pastos para la alimentación de sus vacas (Ensayo 3.1.- CIAM). En la alimentación con ensilado se  
pueden emplear semillas de oleaginosas, como el algodón, añadidas en el concentrado para mejorar el 
perfil de ácidos grasos de la leche de vaca, tanto en pastoreo como en estabulación (Ensayos 3.1.- y 3.2.- 
CIAM). La evaluación de todos estos factores debería ser la base sobre la que se sustenten los sistemas 
sostenibles de producción de leche en regiones húmedas como Galicia. Para ello, el empleo de 
apropiadas estrategias de manejo del pasto resulta crucial a nivel de la explotación para optimizar la 
calidad de la hierba verde pastada y la ingestión de materia seca del pasto, maximizando al mismo 
tiempo el rendimiento de leche por vaca y por hectárea, con un aumento en la calidad de la misma al 
























RESUMO DA TESE 
Esta Tese Doutoral foi realizada no Centro de Investigacións Agrarias de Mabegondo (CIAM), 
dependente do Instituto Galego de Calidade Alimentaria (INGACAL) da Consellería do Medio Rural da 
Xunta de Galicia, dentro do Proxecto de Investigación RTA2005-00204-00 titulado “Evaluación da 
eficacia de sistemas sustentables de produción de leite a través da aplicación de sistemas de soporte de 
decisións e de metodoloxías prácticas de estimación da inxestión de nutrintes en explotacións comerciais 
de Galicia”, financiado polo Instituto Nacional de Investigación e Tecnoloxía Agraria e Alimentaria (INIA), 
do Ministerio de Educación e Ciencia, e en colaboración coa Escola Politécnica Superior da Universidade 
de Santiago de Compostela (USC). Durante catro anos, a doutoranda foi beneficiaria dunha beca de 
Formación de Persoal Investigador financiada polo INIA e realizou o Máster en Industria e Economía 
Leiteira da USC e cinco estancias en centros de investigación e universidades extranxeiras baixo a 
supervisión de varios investigadores internacionais. 
O obxectivo principal desta Memoria de Tese, incluíndo no seu título, forma parte da filosofía 
do CIAM "O estudo de sistemas sustentables de produción de leite en zonas húmidas baseados no 
emprego dos recursos da explotación". Este estudo permitiunos afondar no coñecemento do importante 
papel que a produción de leite, baseada no uso dos pastos (principalmente as gramíneas e leguminosas) 
xoga nas rexións temperadas do Arco Atlántico Europeo, a fin de acadar un aproveitamento eficiente da 
superficie agraria existente en Galicia, reducindo os custos de alimentación do gando vacún e obtendo 
produtos lácteos con un alto valor engadido debido a unha mellora no perfil de ácidos graxos do leite. 
O traballo levado a cabo durante esta Tese divídese en tres seccións principais descritas no 
Capítulo IV nas que se plantexan seis ensaios experimentais realizados en diferentes Centros de 
Investigación Europeos. Neles, estúdanse algúns dos factores máis importantes que inflúen na 
interacción entre o pasto e o animal, co obxectivo de obter unha visión de conxunto e integrada dos 
sistemas de produción de leite baseados no emprego dos pastos para a alimentación do gando vacún. 
En primeiro lugar, preséntase a sección titulada  a Inxestión de Herba a través do Manexo do Pasto 
(Ensaio 1.1.- CIAM e Ensaio 1.2.- Moorepark); en segundo lugar, a sección correspondente ao Sistema 
de Pastoreo (Ensaio 2.1.- Pin au Haras e Ensaio 2.2.- Hillsborough) e, en terceiro lugar, a relativa ao 
estudo da Calidade do Leite: o Perfil de Ácidos Graxos (Ensaio 3.1.- CIAM e Ensaio 3.2.- CIAM). 
Fruto da visión multidisciplinar que supón o estudo de sistemas sustentables, presentase unha 
cuarta sección, tamén dentro do Capítulo IV, que inclúe outros traballos de investigación que, sen 
establecer ensaios específicos no campo, tratan outros aspectos e complementan a avaliación dos 
sistemas de produción de leite en pastoreo existentes en zonas húmidas, entre eles: (1) unha revisión 
bibliográfica dos diferentes métodos non destructivos para determinar a oferta de herba pre-pastoreo, 
(2) a determinación da urea en leite como un índice diagnosticador da ración do gando vacún de leite en 
pastoreo, (3) a medida do contido de macronutrintes no pasto por medio dun equipo de espectroscopía 





das emisións de óxido nitroso derivadas dun sistema de pastoreo rotacional con aplicación de dúas 
cargas gandeiras, (5) a variación estacional na composición do leite e (6) a avaliación dun sistema de 
recría de xatas en pastoreo.    
No Ensaio 1.1.- CIAM (Abegondo, A Coruña, España), dispúxose de setenta e dúas vacas 
leiteiras Holstein-Friesian en dous estados de lactación, inicio-partos de primavera (S, n=44) e final-
partos de outono (A, n=28). Aplicáronse dúas cargas gandeiras (SR) (vacas/ha), baixa (L, n=36) e alta (n, 
H=36), distribuíndo aleatoriamente os animais en catro grupos de pastoreo (LS, LA, SA e HA) usando un 
deseño factorial 2x2. Os grupos pastaron rotacionalmente, dende marzo ata agosto de 2007, áreas 
independentes de raigrás inglés e trevo branco no CIAM (Galicia-España, 43o15’N; 81o18’O). En cada 
rotación determinouse a produción de herba, a calidade do pasto e a inxestión de forraxe, así como a 
produción de leite e a súa composición. Os grupos con alta carga (4,8 vacas/ha) completaron cinco 
rotacións, con máis días de pastoreo (+13 días) e menores alturas pre-pastoreo (14,3 cm) e post-
pastoreo (5,3 cm) e, unha maior utilización da herba (81,7%) en comparación cos grupos de baixa carga 
(3,9 vacas/ha) que realizaron unha rotación menos. A dispoñibilidade diaria de herba (DHA) e a inxestión 
de materia seca do pasto (PDMI) foron menores na alta carga (grupos H) que na baixa (grupos L). A baixa 
inxestión de pasto (p<0,05) na alta carga (13,4 kg MS/vaca/día) foi compensada cunha maior calidade do 
pasto (p<0,05) debido a uns contidos superiores en proteína bruta (CP: 149,1 g/kg MS), carbohidratos 
solubles en auga (WSC: 166,7 g/kg MS) e dixestibilidade in vitro da materia orgánica (IVODM: 746,8 g/kg 
MS) e menores contidos en materia seca (DM: 18,4%) e fibras ácido (ADF: 283,5 g/kg MS) e neutro (NDF: 
508,6 g/kg MS) deterxente. A calidade do pasto descendeu (p<0,05) da rotación 1 á 5, observándose 
unha maior calidade da herba cando se aplicou a alta carga. A produción de leite (MY) foi maior (p<0,05) 
en vacas de partos de primavera (24,8 kg/vaca/día), con contidos menores (p<0,05) de proteína (28,9 
g/kg MS) e graxa (36,9 g/kg MS) no leite, que en vacas de partos de outono debido aos seus diferentes 
estados de lactación. Non se atoparon diferenzas significativas en MY entre tratamentos para as dúas 
cargas, nembargante, os contidos de proteína e graxa foron superiores cando se aplicou a alta carga 
(+0,9 e 1,0 g/kg MS). Ao aumentar a carga logrouse unha menor inxestión de pasto, pero unha maior 
calidade da herba sen penalizar a produción e a calidade do leite. O incremento de carga na época de 
pastoreo, nos tratamentos HS e HA, mostrou efectos beneficiosos sobre o rendemento produtivo das 
vacas en pastoreo, en ambos estados de lactación (vacas con partos de primavera e de outono a inicio e 
final de lactación, respectivamente). A pesares de que co transcurso da época de pastoreo a calidade da 
herba vese deteriorada, por un descenso no contido de follas e un incremento do material senescente, 
con alta carga lograse mellorar a estrutura do pasto e menores residuos de herba post-pastoreo, maior 
utilización da pradería e maior calidade do pasto. Cun axeitado manexo do pasto, aplicando unha alta 
carga en primavera, e sen penalizar a inxestión de herba por animal, pódense satisfacer as necesidades 





No Ensaio 1.2.- Moorepark (Fermoy, Co. Cork, Sur de Irlanda), empregáronse sesenta e catro 
vacas leiteiras Holstein-Friesian de partos de primavera foron distribuídas aleatoriamente en catro 
grupos (n=16) de pastoreo: dúas ofertas de herba pre-pastoreo (HM), baixa (L, 1.600 kg MS/ha) e alta 
(H, 2.400 kg MS/ha), e dúas dispoñibilidades diarias de herba (DHA), baixa (L, 15 kg MS/vaca/día) e alta 
(H, 20 kg MS/vaca/día), aplicando un deseño factorial 2x2. Os catro grupos  (LL, LH, HL e HH) pastaron 
rotacionalmente, dende abril ata outubro de 2008, praderías de raigrás inglés en TEAGASC Moorepark 
Dairy Production Research Centre (Sur de Irlanda, 50o7’N; 8o16’O). Determinouse a estrutura do pasto, a 
inxestión de pasto (PDMI) e, a produción e composición do leite nos catro grupos. Os rabaños con baixa 
oferta de pasto (1.600 kg MS/ha) completaron 9,5 rotacións de 22 días de duración en comparación cos 
de alta oferta (2.400 kg MS/ha) que tiveron 6,5 rotacións de 32 días de duración. O contido de talos e 
material senescente (a > 4,0 cm) foi menor (p<0,001) nos rabaños con baixa oferta (grupos LL e LH) de 
herba (221 kg MS/ha para talos e 170 kg MS/ha para material senescente) que con alta oferta (grupos 
HL e HH) de herba (388 kg MS/ha para talos e 303 kg MS/ha para material senescente). A utilización do 
pasto foi maior (p<0,001) con baixa dispoñibilidade diaria de herba (grupos LL e HL) por animal (97,7 e 
98,3%, respectivamente) que con alta dispoñibilidade (grupos LH e HH) por animal (91,3 e 88,4%, 
respectivamente). Os tratamentos con alta dispoñibilidade amosaron maior (p<0,001) produción de leite 
por hectárea (16.212 kg/vaca/ha) e maior (p<0,001) contenido de sólidos no leite por hectárea (1.213 
kg/vaca/ha) en comparación cos tratamentos con baixa dispoñibilidade. O experimento reflecte a 
importancia de considerar a estructura morfolóxica do pasto, modificada en función da oferta de herba 
pre-pastoreo (HM) e da dispoñibilidade diaria de herba por animal (DHA), no rendemento produtivo do 
gando vacún de leite en pastoreo. O tratamiento LH, que combinou baixa HM por ha (L, 1.600 kg MS/ha) 
e alta DHA (H, 20 kg MS/vaca/día) por animal, foi o que logrou maior produción media de leite (p<0,001) 
por vaca (20,1 kg/vaca/día), cunha maior (p<0,001) produción de leite por hectárea (16.983 kg/vaca/ha) 
e un maior contido de sólidos en leite por hectárea (1.268 kg/vaca/ha), ao presentar unha maior 
utilización da herba (98,3%), o que provocou un incremento na calidade do pasto cun contido de talos e 
material senescente menor (p<0,001) (226 e 166 kg MS/ha, respectivamente). A combinación dunha 
baixa oferta de pasto por superficie e unha alta dispoñibilidade diaria de herba por animal resulta clave 
no manexo dos sistemas de pastoreo dado que grazas a ela é posible mellorar a calidade do pasto 
inxerido, aumentando o rendimiento produtivo do gando vacún de leite e, mostrando ademáis un 
contido de sólidos no leite superior. 
No ensaio 2.1.- Pin au Haras (Exmes, Normandía, Norte de Francia), estudouse a posibilidade 
de utilizar o modelo de pastoreo rotacional simplificado, cun tempo de residencia de dez días nunha 
parcela de pastoreo de 4,8 ha de superficie e intervalos posteriores de rebrote de vinte días. 
Utilizáronse, para ilo, os datos comprendidos entre os anos 2001 e 2005 de dúas razas de vacas de 
partos de primavera, Frisonas (F, n=178) e Normandas (N, n=174), en dous estados de lactación 





kg/vaca/día, n=174) e con (4 kg/vaca/día, n=178), en pastoreo de pradarías permanentes de raigrás 
inglés (13,8 ha) e sementadas (19,6 ha) con raigrás inglés só ou asociadas con trébol blanco. O ensaio 
realizouse na Estación Experimental do INRA no Pin au Haras (Francia, 48
o
44' 0"N; 0°90'0"E) con catro 
grupos de vacas (F0, F4, N0 y N4), aplicando un deseño factorial 2x2. Rexistrouse o peso vivo (BW) e a 
condición corporal (BCS) dos animais e, mediuse a produción individual e a composición química do leite 
nos catro rabaños. En cada ciclo de pastoreo, de dez días de residencia en cada parcela, determinouse o 
máximo de produción de leite (MY máx.), que alcanzou xeralmente ao cuarto día de residencia, e a caída 
de leite (Dm), que maioritariamente se produciu ao décimo día durante tódala curva de lactación dos 
animais nos cinco anos en estudo. As vacas Normandas amosaron un BW (654 e 695 kg, 
respectivamente) e unha BCS (2,98 e 2,83, respectivamente), ao inicio e ao final da época de pastoreo, 
superior (p<0,001) ao que presentaron as Frisonas en peso (612 y 659 kg, respectivamente) e condición 
corporal (2,13 y 2,18, respectivamente). As vacas suplementadas con 4 kg/día de concentrado na ración 
presentaron un BW e unha BCS ao final da época de pastoreo (702 kg e 2,85, respectivamente) superior 
(p<0,001) que as vacas que non recibiron suplementación (652 kg e 2,15, respectivamente). A produción 
total de leite e o pico de produción por lactación foi maior (p<0,001) nas Frisonas (7.591 e 36,2 kg/vaca, 
respectivamente) que nas Normandas (6.214 e 29,2 kg/vaca, respectivamente). As vacas suplementadas 
con 4 kg/día de concentrado presentaron unha produción total de leite e un pico de produción por 
lactación (7.567 e 35,0 kg/vaca, respectivamente) maior (p<0,001) que as vacas que non recibiron 
suplementación (6.238 e 30,4 kg/vaca, respectivamente). Os contenidos de proteína e graxa no leite 
foron maiores (p<0,001) nas vacas Normandas (34,5 e 40,6 g/kg MS, respectivamente) que nas Frisonas 
(31,5 e 36,4 g/kg MS, respectivamente). As vacas suplementadas con 4 kg/día de concentrado 
presentaron uns contenidos maiores (p<0,001) de proteína e menores (p<0,001) de graxa (33,5 e 38,1 
g/kg MS, respectivamente) que as vacas que non recibiron suplementación (32,4 e 38,9 g/kg MS, 
respectivamente). O MY máx. e a Dm foron maiores (p<0,001) nas vacas Frisonas (25,1 e  − 6,4 kg/vaca, 
respectivamente) que nas Normandas (21,0 e  − 4,9 kg/vaca, respectivamente). As vacas suplementadas 
con 4 kg/día de concentrado (24,9 e  − 5,3 kg/vaca, respectivamente) amosaron un MY máx. maior 
(p<0,001) e unha Dm menor (p<0,001) que as vacas que no recibiron suplementación (21,2 e  − 6,1 
kg/vaca, respectivamente). As vacas multíparas (24,5 e − 6,1 kg/vaca, respectivamente) presentaron un 
MY máx. maior (p<0,001) e unha Dm maior (p<0,001) que as primíparas (21,6 e − 5,2 kg/vaca, 
respectivamente). Os resultados deste ensaio amosan que ao carto día de residencia nunha parcela 
determinada, dentro do ciclo de pastoreo de dez días, acadase un máximo de produción de leite (MY 
máx.) en tódolos rabaños (independentemente da raza, do nivel de suplementación e do estado de 
lactación dos animais), ao tempo que ten lugar un gran descenso na altura e dispoñibilidade diaria da 
herba. É preciso controlar a caída de leite (Dm), que normalmente prodúcese ao décimo día de 
residencia na parcela, para conseguir que se recupere o pico de produción no seguinte ciclo de 





posible, pois, reducir o número de parcelas para pastoreo a tres de grandes dimensións, ao aumentar o 
tempo medio de residencia en cada unha delas a dez días, sen perxudicar o rendemento produtivo dos 
animais no transcurso da lactación. As vacas Normandas (no Norte de Francia), con menores problemas 
de reprodución e saúde, son consideradas unha alternativa ás Frisonas, a pesares de presentar unha 
menor produción de leite, pero contan cunha vida produtiva máis longa e unha calidade do leite 
superior (cuns contidos máis altos de proteína e graxa). Elexir a raza de vaca leiteira máis adaptada ao 
sistema forraxeiro elexido é esencial, para un aproveitamento eficiente do potencial produtivo do 
animal, tendo sempre en conta o modelo produtivo seleccionado e as necesidades do rabaño no 
transcurso da lactación có fin de adecuar a oferta á demanda alimentaria. 
No Ensaio 2.2.- Hillsborough (Hillsborough, Co. Down, Irlanda do Norte), contrastouse o 
comportamento de dúas razas de vacas leiteras, Holstein-Friesian (HF, n=40) e Jersey × Holstein-Friesian 
mestizas (Jx, n=40), de partos de primavera alimentadas con dous sistemas diferentes de produción de 
leite, de baixos insumos en pastoreo (G, n=40) pastando pradarías de raigrás inglés e de altos insumos 
no establo confinadas (C, n=40) con ensilado, utilizando un deseño factorial 2×2. O ensaio realizouse no 




04'W) durante seis semanas no verán de 2009 con 
catro rabaños de vacas (HF-G, HF-C, Jx-G e Jx-C). Observouse visualmente o comportamento de tódolos 
animais en tres ocasións durante períodos de dúas semáns (P1, a finais de xullo; P2, a mediados de 
agosto; P3, a finais de agosto) e rexistráronse os patróns de comportamento animal, a intervalos de 20 
minutos, das seguintes actividades: vacas deitadas, comendo/pastando, de pé e rumiando. Non se 
observaron diferenzas entre períodos no tempo que as vacas en pastoreo pasaron de pé, pero si o 
houbo no que estiveron deitadas (p<0,001), comendo (p<0,05) e rumiando (p<0,001). En pastoreo, os 
animais dedicaron máis tempo a estar deitados (P3, 271 e P1, 153 min., respectivamente) e a rumiar 
(P3, 211 e P1, 132 min., respectivamente) e menor tempo a comer (P3, 490 e P1, 554 min., 
respectivamente) a medida que a época de pastoreo avanzou. En establo, non se observou diferenza 
algunha entre períodos para ningunha das actividades rexistradas. A raza (HF ou Jx mestizas) non 
amosou efecto algún en calquera das conductas rexistradas. O sistema amosou un efecto sobre o 
comportamento das vacas, o tempo que os animais pasaron comendo foi maior (p<0,001) no sistema 
con baixos insumos en pastoreo (G, 522 min.) que con altos insumos en establo confinadas (C, 173 
min.). O tempo que as vacas estiveron deitadas (C, 411 e G, 212 min.), de pé (C, 236 e G, 85 min.) e 
rumiando (C, 244 e G, 141 min.) foi maior (p<0,001) en establo confinadas que en pastoreo. A sincronía 
de comportamentos foi maior nas vacas en pastoreo ao realizar varios membros do rabaño a mesma 
actividade ao mesmo tempo, independentemente da raza (HF e Jx mestizas), que nas vacas estabuladas. 
Os resultados deste ensaio poñen de manifesto a importancia de considerar o comportamento animal 
dentro dos sistemas produtivos, tanto en pastoreo como en establo, pola súa influenza sobre o 
consumo de alimento, a súa repercusión sobre a produción de leite e como unha medida do benestar 





reprodución e de saúde, son consideradas unha alternativa ás Holstein-Friesian nos sistemas de 
pastoreo irlandeses, a pesares de presentar unha menor produción de leite, pero posúen unha vida 
produtiva maior e unha alta eficiencia de transformación do pasto en leite cunha calidade do leite 
superior (cuns contidos más altos de proteína e graxa).  
No Ensaio 3.1.- CIAM (Abegondo, A Coruña, España), estudouse a calidade e o perfil de ácidos 
graxos do leite de vaca en sistemas sustentables de produción de leite, existentes en rexións húmedas 
da Cornixa Cantábrica como Galicia, baseados no emprego de forraxes verdes (principalmente as 
pradarías en pastoreo) como fonte principal de suministro de nutrintes durante a maior parte da 
lactación para o gando vacún de leite. Dispúxose de sesenta e unha vacas Holstein-Friesian de partos de 
outono distribuídas aleatoriamente en tres tratamentos, segundo o tipo de forraxe suministrado e a súa 
proporción: 100% silo (S, n=11), 50% pastoreo e 50% silo (G/S, n=27) e 100% pastoreo (G, n=21). Os 
grupos G/S e G pastaron rotacionalmente pradarías de raigrás inglés e trébol blanco, de marzo a 





rutinariamente a produción de herba en cada parcela e a calidade do pasto determinouse cun equipo 
NIRSystem 6500. Rexistrouse diariamente a produción e, semanalmente mediuse a composición do leite 
determinándose o perfil de ácidos graxos do leite nos tres grupos de vacas por cromatografía de gases-
espectrometría de masas usando un equipo Agilent Technologies 6890N. A dispoñibilidade diaria de 
herba foi menor (p<0,05) no tratamento G que no G/S (19,4 e 23,9 kg MS/vaca/día, respectivamente), 
cunhas alturas pre-pastoreo (G, 16,4 e G/S, 4,7 cm, respectivamente) e post-pastoreo (G, 17,3 e G/S, 7,2 
cm, respectivamente) menores, pero cunha utilización do pasto maior en G que no G/S (89,2 y 40,1%, 
respectivamente) e unha calidade da herba superior (p<0,01) cuns contidos máis altos en proteína bruta 
no pasto (CP: G, 144 e G/S, 118 g/kg MS, respectivamente), carbohidratos solubles en auga (WSC: G, 182 
e G/S, 148 g/kg MS, respectivamente) e dixestibilidade in vitro da materia orgánica (IVODM: G, 785 e 
G/S, 756 g/kg MS, respectivamente) e, uns contidos máis baixos en fibras ácido (ADF: G, 271 e G/S, 118 
g/kg MS, respectivamente) e neutro deterxente (NDF: G, 525 e G/S, 574 g/kg MS, respectivamente). O 
grupo con 100% pastoreo (G) amosou unha disminución (p<0,05) no contido de ácidos graxos, g/100 g 
dos ésteres metílicos dos ácidos graxos (FAME), de cadena curta (SCFA, 8,34) e media (MCFA, 39,24), 
considerados perxudiciais para a saúde humana, e un aumento (p<0,05) no contido de ácidos graxos de 
cadena longa (LCFA, 42,29), considerados beneficiosos para a saúde humana. Os niveis máis altos 
(p<0,05) en ácidos graxos monoinsaturados e poliunsaturados (MUFA, 25,20 e PUFA, 4,24 g/100 g de 
FAME, respectivamente) atopáronse no tratamento G con 100% pastoreo. O contido en CLA aumentou 
(p<0,05) a medida que se incrementou a proporción de pasto na ración das vacas leiteiras dende 0,49, 
0,82 ata 1,14 g/100 g de FAME, respectivamente para os tratamentos S (100% silo), G/S (50% pastoreo y 
50% silo) e G (100% pastoreo), respectivamente. O perfil de ácidos grasos do leite amosou certa 
estacionalidade en función da época de pastoreo. No verán, os niveis de CLA foron tres veces superiores 





ensilado en establo (S: 0,47 g/100 g de FAME). O contenido de CLA foi ademáis dúas veces máis alto no 
verán (p<0,001, +0,40 g/100 g de FAME) para o grupo G/S en comparación coa primavera para o grupo S 
(0,47 g/100 g de FAME). Os resultados deste ensaio amosan que unha alta proporción de herba verde na 
ración do rabaño leiteiro, baixo a forma de pastoreo como a fuente máis barata de nutrintes que existe, 
é un factor determinante para incrementa-lo contido de CLA no leite de vaca e pode ser unha vía para 
aumenta-lo valor engadido do leite producido nas explotacións galegas, que basean o seu modelo 
produtivo no uso dos pastos, e co cal se consigue mellorar o perfil de ácidos graxos do leite. Conxugar 
unha alta inxestión de pasto de calidade (cun alto contido en proteína, carbohidratos e dixestibilidade y 
baixo en fibras) resulta factible cunha mellora no perfil de ácidos graxos do leite (cuns niveles altos de 
ácidos graxos mono- e poli-insaturados) a través dun apropiado manexo dos pastos. O contido de CLA 
amosa certa estacionalidade ao longo da época de pastoreo, cuns niveis máis altos de CLA en verán con 
100% de pastoreo. 
No Ensaio 3.2.- CIAM (Abegondo, A Coruña, España), introducíronse sementes de oleaxinosas 
no concentrado para coñocer o seu efecto sobre a composición e o perfil de ácidos graxos do leite de 




18’O). Para ilo, distribuíronse 
aleatoriamente trinta e seis vacas leiteiras Holstein-Friesian de partos de primavera e se asignáronse a 
tres (n=12) grupos (C5, C7 e B7) alimentados en establo con ensilado. Estudáronse dúas fontes de 
concentrado, sementes de oleaxinosas (C, semente de algodón) comparadas con grans de cereais (B, 
cebada), utilizando dous niveis de suplementación, 5 e 7 kg MS/vaca/día de concentrado, durante dez 
semáns no outono de 2007. Rexistrouse diariamente a produción de leite e semanalmente analizouse a 
composición do leite e determinouse o perfil de ácidos graxos do leite, nos tres grupos de vacas 
estabuladas, por cromatografía de gases-espectrometría de masas usando un equipo Agilent 
Technologies 6890N. A produción de leite foi maior (p<0,001) nos grupos con alto nivel de concentrado 
(C7, 17,9 e B7, 18,1 kg/vaca/día, respectivamente) que no de baixo nivel concentrado (C5, 15,7 
kg/vaca/día) e as vacas dos tratamentos C7 e B7 foron as que presentaron un peso vivo máis elevado 
(p<0,05). O contido de proteína no leite foi menor (p<0,05) no tratamento con alta dose de sementes de 
algodón na ración (C7, 30,7 g/kg MS) que no tratamento con cebada (B7, 32,7 g/kg MS). Nembargantes, 
non se observaron diferenzas significativas entre tratamentos no contido de graxa e urea no leite. No se 
atoparon diferenzas entre tratamentos nos FA de cadena curta (SCFA), media (MCFA) e longa (LCFA). A 
pesares disto, obtivéronse niveis máis altos (p<0,05) de ácidos graxos poliinsaturados (PUFA) e de ácido 
linoleico no tratamento C7 (2,48 e 2,22 g/100 g de FAME, respectivamente) que no C5 (2,16 e 1,92 
g/100 g de FAME, respectivamente) cun ratio SFA/UFA máis baixo no tratamento C7 (3,74) que no C5 
(3,98). Os resultados deste ensaio amosan que a inclusión de sementes de algodón no concentrado, 
para suplementar a ración do gando vacún de leite baseada en ensilado durante estabulación, pode ser 
unha estratexia alimentaria adecuada a implementar nas explotacións, que non dispoñan de pasto en 





do leite recurrindo a suplementos ricos en graxas ao aumentar os niveis de ácidos graxos 
poliinsaturados no leite de vaca. 
O estudo en esta Tese dos “Sistemas Sustentables de Produción de Leite en Zonas Húmidas con 
Utilización de Recursos da Explotación” contribúe ao coñecemento e a avaliación dos factores 
necesarios  para reducir os custes de alimentación do gando vacún de leite en rexións húmidas do Arco 
Atlántico Europeo como Galicia (NO España). A base deste estudo está na utilización dos recursos dos 
que dispón a explotación e no control dos factores derivados do pasto (carga gandeira, oferta de herba 
pre-pastoreo, dispoñibilidade diaria da herba, tempo de residencia nas parcelas, fonte de 
forraxe/concentrado na ración e niveis de suplementación en pastoreo) e do animal (estado e número 
de lactación, raza de vaca e comportamento animal das vacas en pastoreo/estabulación) e da súa 
interacción dentro da explotación. Preténdese, con ilo, lograr unha eficiente conversión do pasto en 
leite, de modo competitivo e rendible tendo en conta o contexto actual da rexión no que a calidade e o 
perfil de ácidos graxos do produto final parece cobrar gran relevancia nos últimos anos. 
Dos seis ensaios realizados, convén destacar a importancia da aplicación de boas prácticas de 
manexo do pasto, xa sexa aumentando a carga gandeira (Ensaio 1.1.- CIAM) ou ben, modificando a 
estructura do pasto, que nos permite combinar a oferta de herba pre-pastoreo (HM) e a dispoñibilidade 
diaria da herba (DHA) por animal (Ensaio 1.2.- Moorepark), para acadar unha maior utilización do pasto, 
con menores residuos post-pastoreo e manter unha maior calidade do pasto en oferta nas sucesivas 
rotacións de pastoreo. A alimentación en pastoreo nestas condicións, cun contido menor en materia 
seca e fibras (ácido e neutro deterxente) e uns niveis máis altos de proteína bruta, carbohidratos 
solubles en auga e dixestibilidade da herba proporciona unha maior calidade do leite (cuns contidos 
superiores en proteína e graxa). Todo ilo, sen penalizar a produción individual de leite, e prestando 
atención ao manexo de pasto ao manter unha alta inxestión de herba de calidade coa que se atopan 
satisfeitas as necesidades da vaca en cada momento da lactación. Recórrese ademáis a suplementación 
en pastoreo (normalmente no pico de lactación, cando as vacas se atopan xeralmente nunha situación 
de déficit enerxético, e o suministro de silo/concentrado pode axudar a paliar esta situación) para 
manter aos animais dentro dos niveis desexados de produción de leite. Elixir a raza de vaca que máis se 
adecúe ao sistema produtivo mellora a súa eficiencia e nesta Tese avaliáronse dous sistemas de 
produción de leite empregando dúas razas de vacas (Frisonas e Normandas), alimentadas con e sen 
concentrado en pastoreo (Ensaio 2.1.- Pin au Haras). Tamén se determinaron os patróns de 
comportamento animal en dúas razas de vacas (Holstein-Friesian e Jersey mestizas), ao longo do día, 
comparando un sistema de baixos insumos en pastoreo con outro de altos insumos en establo (Ensaio 
2.2.- Hillsborough), en relación coas necesidades nutricionais e de repouso ou rumia dos dous rabaños.  
Os sistemas de pastoreo tornáronse cada vez máis nunha ferramenta imprescindible para 
reducir os custes de produción, ao usar eficientemente os recursos dos que dispone a explotación. 





engadido do produto final, o leite, cun alto contido de ácido linoleico conxugado na graxa láctea. Este 
ácido graxo é considerado beneficioso para a saúde humana e a súa inxesta a través dunha ración en 
pastoreo é maior naquelas explotacións galegas que confían nos pastos para a alimentación das súas 
vacas (Ensayo 3.1.- CIAM). Na alimentación con ensilado pódense empregar sementes de oleaxinosas, 
como o algodón, engadidas no concentrado para mellorar o perfil de ácidos graxos do leite de vaca, 
tanto en pastoreo como en estabulación (Ensaios 3.1.- e 3.2.- CIAM). A avaliación de todos estos 
factores debería ser a base sobre a que se sustenten os sistemas sustentables de produción de leite en 
rexións húmidas como Galicia. Para ilo, o emprego de apropiadas estratexias de manexo do pasto 
resulta crucial a nivel da explotación para optimizar a calidade da herba verde pastada e a ingestión de 
materia seca do pasto, maximizando ao mesmo tempo o rendemento de leite por vaca e por hectárea, 
cun aumento na calidade do mesmo ao mellorar o seu perfil de ácidos graxos, e facendo as explotación 































I.1.- BACKGROUND  
 Spanish agriculture is largely influenced by changes in the Common Agricultural 
Policy since we joined to the European Union in 1986. In the past, Member States have 
emphasized higher productivity and better quality in the food chain; mainly in 
response to food security and to ensure the viability of the dairy sector and milk supply 
to the consumers. Nevertheless, in order to facilitate future World Trade Organisation 
agriculture negotiations, milk production will be forced to become more market 
focused. Thus, a period of big reform in the Galician (NW Spain) dairy sector is 
expected due to an increased competitiveness between and within countries. 
As a result we believe that an increased effort has to be made in temperate 
regions, like Galicia, on studying sustainable milk production systems, using available 
farm resources with the aim of reducing feeding costs of milk production. One mean to 
reach this objective is by maximising daily pasture dry matter intake (PDMI), looking 
forward to get high sward and milk quality without penalizing efficiency of herbage 
utilization and milk production.  
Over the past 25 years, high milk prices have encouraged Galician dairy farmers 
to thrust in dairy systems with high inputs of supplements, machinery for forage 
conservation and higher inputs of fertilizer as happened in most European countries. 
Production was based on using silage maize and concentrate as the major foodstuffs 
for high genetic merit (HGM) dairy cows. Nevertheless, with the increasing cost of 
inputs and low milk prices, limitations will appear in the next years to these high inputs 
milk production systems.  
The studies focused on grassland management in sustainable milk production 
systems under grazing conditions have the primary purpose of supply high quality 
forage through the season, ensuring efficient herbage utilization, whilst maintaining 
acceptable performance of the grazing animal by an adequate conversion of grass to 
milk. The utilization of herbage through grazing requires less support energy relative to 
other methods of forage supply. Grazing systems are less dependent on external 
inputs, as concentrate, or other potentially environmental disruptive resources, as 
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fertilizers or pesticides, with lower production costs than those required for more 
conserved forages and concentrate supplementation.  
Using farm resources for dairy cattle production is considered as the most 
sustainable way of agriculture known. The Centro de Investigaciones Agrarias de 
Mabegondo (CIAM), a Spanish government institution in Galicia, had this objective 
since it was founded in 1888, by the evaluation of resources of the region, mainly 
pastures and maize, for feeding dairy cattle using a low cost milk production system. 
Specific research has also been developed by CIAM in the implementation of 
feeding and management strategies that will allow dairy farmers to make economically 
rational decisions that brings significant benefit for the profitability of the Galician 
dairy sector. Targeted feeding strategies have achieved a good degree of control over 
the concentration and composition of milk fat and protein in dairy systems. 
The understanding of the nutrition effects of total mixed rations feeding 
indoors on milk quality should be extended to pasture-based milk production systems.  
The new milk payment systems are more focused on milk protein, fatty acids 
profile, ratios of protein to fat and casein to whey, and the capacity to enrich milk with 
bioactive compounds and/or reduce those components perceived as unhealthy. This is 
raising implications for the value of milk to both the farmer and dairy manufacturer. 
I.2.- OBJECTIVES 
The main objective of this Doctoral Thesis, included in its title, is going inside 
the philosophy of CIAM “the study of sustainable milk production systems in humid 
areas using farm resources”. For this approximation, we have taken into consideration  
previous work made at the CIAM Galicia (Spain), following the possibility of 
collaboration in research projects from other European countries like TEAGASC 
Moorepark (Southern Ireland), AFBI Hillsborough (Northern Ireland) and INRA Agro-
Campus Ouest (France) working actually in Grassland Science and Dairy Production. An 
important part of this thesis was made in these centers under the supervision of well-
recognized international researchers, allowing a further exploration of the relevant 
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role that pasture-based milk production systems play in humid areas of Europe as a 
way to reduce feeding costs, get more added value of the product, and at the end to 
fix population in agricultural regions and preserve landscape. 
The work undertook during this Thesis was divided into three major sections 
presented in Chapter IV based mainly on six experimental trials studying some factors 
of the complex pasture and animal interaction. Also, as a result of a multidisciplinary 
approximation to pasture-based milk production systems in humid areas other 
research trials carried out during the Thesis were integrated in Chapters IV.  
The Pasture Intake under Grazing Management (section I.2.1) investigated the 
effect of stocking rate at different stages of lactation (Trial 1.1.-CIAM) and sward 
structure in terms of herbage mass and daily herbage allowance (Trial 1.2.-Moorepark) 
on pasture production, sward quality, milk yield and quality of dairy cows.  
The Grazing System (section I.2.2) considered the studies of length of rotation, 
levels of supplementation at pasture for different cow genotypes (Trial 2.1.-Pin au 
Haras) and behaviour patterns of grazing or confined cows (Trial 2.2.-Hillsborough).  
The Milk Quality: The Fatty Acids Profile (section I.2.3) studied the effects of 
comparing different forage sources, fresh grass or silage, (Trial 3.1.-CIAM) or the type 
of concentrate supplementation (Trial 3.2.-CIAM) on the milk fatty acids profile of 
dairy cows, with special emphasis on the conjugated linoleic acid (CLA) levels. 
I.2.1.- Pasture intake under Grazing Management 
 The grazing management strategy is a tool to control a set of factors that most 
influence on sward quality and milk performance of dairy cows. Under this section two 
experimental trials were carried out regarding: 
Stocking Rate and Stage of Lactation 
The objective was to study how the stocking rate (two grazing pressures) and 
the stage of lactation (two calving dates) affect sward quality and pasture intake, milk 
yield and quality of Holstein-Friesian dairy cows. Different grazing management 
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strategies in rotationally grazed pastures of perennial ryegrass and white clover were 
examined during the spring-summer in 2007 at the Trial IV. 1.1.- CIAM (Spain). 
Sward structure: Herbage Mass and Daily Herbage Allowance  
 The objective was to study the effect of modifying sward structure, comparing 
four treatments combining two levels of pre-grazing herbage mass and two levels of 
daily herbage allowance, on pasture intake and milk performance of Holstein-Friesian 
dairy cows. Different grazing management treatments were examined in rotationally 
grazed pastures of perennial ryegrass during the spring-autumn in 2008 at the Trial 
IV.1.2.- Moorepark (Southern Ireland). 
I.2.2.- The Grazing System 
 The grazing system includes another important set of factors that control 
feeding strategy, the milk performance and the behavioural activities of dairy cows. 
The type of cow chosen has to be taken into account in the grazing system. Thus, it is 
necessary to evaluate the response of different cow genotypes to different feeding 
strategies. Under this section two experimental trials were carried out regarding: 
Residence Time on Pasture, Supplementation and Type of Cow 
A grazing trial was undertook with the aim of studying the milk performance of 
two cow genotypes at two levels of supplementation at pasture using the simplified 
rotational grazing system, with a residence time of 10 days in a length grazing rotation 
of 30 days. Data from nine years (period 2001-2005) of complete lactation curves of 
dairy cows grazing perennial ryegrass pastures during several grazing cycles were 
examined at the Trial IV.2.1.- Pin au Haras (Northern France). 
Feeding System on Cow Behaviour: Grazing vs. Confinement 
 Feeding costs on dairy farms are usually related to the level of inputs. From two 
contrasting milk production systems, a low input grazing system or a high input total 
confinement system, we focused the objective of this research in the study of the 
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behavioral activities of two cow genotypes during summer in 2009 at the Trial IV.2.2.- 
Hillsborough (Northern Ireland).  
I.2.3.- Milk Quality: The Fatty Acids Profile 
 Recently studies on milk quality, with special emphasis on the milk fatty acids 
(FA) profile response to changes in dairy cow diet, strongly appear in the market for 
healthy milk. Under this section two experimental trials were carried out regarding: 
Forage Source on Milk Fatty Acids Profile: Grazing vs. Silage  
 This experiment was designed with the objective of quantify the effect of the 
proportion and type of forage (silage vs. grazed grass) on the milk quality in terms of 
FA profile of Holstein-Friesian dairy cows and the variation of milk CLA content during 
the grazing season in 2008 at the Trial IV.3.1.- CIAM (Spain). 
Concentrate Source on Milk Fatty Acids Profile: Cottonseed vs. Barley 
The type of concentrate under confined silage feeding was studied in 2007. The 
study compared the effect of using of barley vs. cottonseed in the concentrate on milk 
FA profile. Two types of concentrate at two levels of supplementation were studied 
using Holstein-Friesian dairy cows at the Trial IV.3.2.- CIAM (Spain). 
RESUMEN CAPÍTULO I 
 El sector lácteo juega un papel fundamental en la economía agraria gallega, y se 
ve muy afectado por cambios en la Política Agrícola Común. Por ello, cabe esperar una 
importante reestructuración de las explotaciones lecheras europeas en los próximos 
años para adaptarse a un incremento de la competitividad entre regiones y países con 
el objeto de  producir leche de forma económicamente rentable. En principio, se busca 
que los costes de producción se reduzcan y en zonas húmedas como Galicia éste 
planteamiento ha de ser prioritario para producir leche de forma eficiente. Para ello, 
es preciso evaluar sistemas alternativos que permitan la sostenibilidad y rentabilidad a 
largo plazo de las explotaciones lecheras gallegas. Estos sistemas basan la alimentación 
animal en maximizar la cantidad y calidad de la hierba ingerida mediante el pastoreo. 
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  Como objetivo principal de la presente memoria de Tesis Doctoral, se estudian 
sistemas sostenibles de producción de leche basados en un aprovechamiento 
eficiente de los recursos forrajeros existentes en la propia explotación siguiendo la 
filosofía del CIAM. Se estudian principalmente, las praderas en pastoreo,  la 
suplementación con forrajes conservados  y el aporte de concentrados cuando no haya 
pasto disponible en la explotación y en épocas críticas de la lactación (tras el parto), 
tratando de minimizar los insumos y abaratar los costes de alimentación.  
 Gracias a la realización de varias estancias predoctorales en el extranjero, 
financiadas por el INIA, en diferentes centros de investigación del Arco Atlántico, con 
características edafoclimáticas y de producción de hierba similares a Galicia, y a la 
posibilidad de colaboración en sus respectivos proyectos de investigación tres de los 
seis ensayos descritos en esta Tesis se realizaron en TEAGASC Moorepark (Sur de 
Irlanda), AFBI Hillsborough (Norte de Irlanda) e INRA Le Pin au Haras (Norte de Francia) 
bajo la dirección de investigadores europeos. Los resultados obtenidos en estas 
regiones pueden extrapolarse a las explotaciones gallegas y, de ahí, su integración en 
esta Tesis al aportarnos un mejor conocimiento de los sistemas basados en pastoreo y 
de los diferentes factores que afectan a la interacción entre pasto y animal. 
Se examinaron algunos de los factores que más condicionan el sistema 
productivo, y que se encuentran al alcance del ganadero, para maximizar la ingestión 
de forraje de calidad a base del manejo del pasto (sección 1). Se presta especial 
atención a la carga ganadera (Ensayo 1.1.- CIAM) y a la variación que se produce en la 
estructura y composición morfológica del pasto (Ensayo 1.2.- Moorepark) debido al 
efecto que ejercen los cambios en la oferta y disponibilidad diaria de hierba.  
Los factores que definen el sistema de pastoreo (sección 2) elegido como 
serían el tiempo medio de residencia en las parcelas, el empleo de la suplementación y 
la raza de vaca (Ensayo 2.1.- Pin au Haras) y el comportamiento animal (Ensayo 2.2.- 
Hillsborough) del ganado vacuno lechero en producción en función de la estrategia de 
alimentación empleada, juegan un papel primordial en el modelo productivo de la 
explotación y condicionan la respuesta en leche. 
-9- 
 
El perfil de ácidos grasos de la leche (sección 3) puede ser modificado según el 
tipo de forraje utilizado en la ración. Se evalúan los contenidos en ácidos grasos 
saturados (AGS) e insaturados (AGI), con especial referencia al ácido linoleico 
conjugado (CLA), para elaborar leches enriquecidas, consideradas beneficiosas para la 
salud humana, y que las explotaciones lecheras gallegas obtengan un producto final 
con una calidad diferenciada y de alto valor añadido.  
Es importante determinar si el contenido de estos AG más saludables es mayor 
cuando las vacas pastan hierba que cuando son alimentadas con forrajes conservados 
(Ensayo 3.1.- CIAM) o bien, cuando son suplementadas en establo con ensilado y 
concentrado con distinta fuente de materias primas (semillas de algodón vs. granos de 
cebada) (Ensayo 3.2.- CIAM). Se determina además la variación estacional de los 
contenidos de AG debida a cambios en la alimentación animal según la época del año.  
 Fruto de una visión multidisciplinar de la interrelación entre pasto y animal, se 
han realizado además otros estudios que aparecen descritos en el Capítulo IV.  
 Los objetivos específicos de la Tesis en los seis ensayos descritos fueron:  
Carga Ganadera y Estado de Lactación (Ensayo IV.1.1.- CIAM) 
 Se estudia cómo la carga ganadera (dos presiones de pastoreo) y el estado de 
lactación (dos fechas de parto) afectan a la calidad del pasto, la ingestión de hierba y la 
producción y calidad de la leche en vacas Holstein-Friesian. Se examinan diferentes 
estrategias de manejo del pasto y de los animales en pastoreo rotacional de praderas 
de raigrás inglés y trébol blanco en la primavera-verano de 2007 en el CIAM (España). 
Estructura del Pasto: Oferta y Disponibilidad de Hierba (Ensayo IV.1.2.- Moorepark) 
 Se estudia cómo la estructura del pasto, aplicando dos ofertas y dos 
disponibilidades diarias de hierba, afecta a la ingestión de pasto y a la producción de 
leche en vacas Holstein-Friesian pastando rotacionalmente praderas de raigrás inglés 
durante la primavera-otoño de 2008 en Moorepark (Sur de Irlanda). 
Tiempo de Residencia, Suplementación y Raza de Vaca (Ensayo IV.2.1.- Pin au Haras) 
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 Se estudia la evolución de la curva de lactación individual, durante nueve años 
(período 2001-2009), de dos razas de vacas en pastoreo suplementadas con dos 
niveles de concentrado y se determina el pico de producción y la caída de leche a lo 
largo de su tiempo de permanencia en una parcela (ciclo de pastoreo) utilizando el 
modelo de pastoreo rotacional simplificado en la Estación Experimental del INRA en el 
Pin au Haras (Norte de Francia).  
Sistema de Alimentación en el Comportamiento Animal del Ganado Vacuno Lechero: 
Pastoreo vs. Establo (Ensayo IV.2.2.- Hillsborough) 
 Se estudian los patrones de comportamiento animal en dos razas de vacas 
usando dos sistemas de alimentación, con bajos insumos en pastoreo y con altos 
insumos en establo, durante el verano de 2009 en Hillsborough (Norte de Irlanda).  
Perfil de Ácidos Grasos de la Leche con Diferente Fuente de Forraje: Pastoreo vs. 
Ensilado (Ensayo IV.3.1.- CIAM) 
 Se estudia la evolución en el perfil de ácidos grasos de la leche y la variación 
estacional en el contenido de CLA en vacas Holstein-Friesian alimentadas con dos 
fuentes de forraje (pastoreo vs. silo) y diferentes proporciones durante la primavera-
verano de 2008 en el CIAM. 
Perfil de Ácidos Grasos de la Leche con Diferente Fuente de Concentrado: Semillas de 
Algodón vs. Cebada (Ensayo IV.3.2.- CIAM)   
 Se estudia el efecto de la suplementación en establo con vacas Holstein-
Friesian alimentadas con dos concentrados (semillas de algodón vs. granos de cebada), 
empleando dos dosis de concentrado para evaluar su influencia en la composición y 










































II.1.- PASTURES FOR MILK PRODUCTION SYSTEMS IN HUMID AREAS 
 
 During the past decades high milk prices have encouraged milk production 
systems worldwide to use high inputs of chemical fertilizers, supplemented feeds (such 
as silage and/or concentrate) and mechanized methods for forage conservation at the 
expense of reducing grazing grass (Peyraud et al., 2004) as the most suitable way to 
decrease the feeding costs of milk production (Dillon et al., 2005). A tendency to 
maintain dairy cattle in a very high level of intensification has been observed in many 
European dairy farms due to the good relationship of milk price relative to concentrate 
Peyraud and González-Rodríguez, 2000). Nevertheless, the abolition of European 
Union (EU) milk quotas by 2015 and the possibility of a drop in milk prices due to 
fluctuations in international dairy markets may be important factors that condition the 
future of milk production in humid areas. In addition, it is expected an increase in the 
competitiveness between and within countries and the changing of economic and 
politic environmental policies. This new scenario leads to an increased emphasis on 
production efficiency per animal (cow) and per unit of land (hectare) (Dillon, 2006). 
II.1.1.- Milk Production in Europe: From Milk Quotas Scenario to its Abolition 
 The Common Agricultural Policy (CAP) was introduced in 1957 in the founding 
tratry of the European Economic Community (EEC). It was aimed to guarantee food 
security in a post-war Europe at stable and reasonable prices to milk producers by 
maximizing production and protecting domestic agriculture from foreign competition 
(Dillon et al., 2008). This created market surpluses which resulted in the milk support 
system costing over 30% of the CAP market support budget (Dillon et al., 2006) and, 
eventually, in 1986 milk quotas were introduced to curb production growth. However, 
the adoption of milk quotas also ensured price protection for EU milk producers 
through the imposition of export refunds and import taxes to protect the milk price 
paid to producers. The Mid Term Review adopted by EU allowed for a reappraisal of 
the CAP in 2008 (known as “Health Check”) where the possibility of milk quotas being 
abolished by 2015 looks almost certain. 
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 An analysis carried out within EU has suggested that milk quotas are now 
constraining the development of an efficient EU dairy industry (Van Berkum and 
Helming, 2006). However, for many years milk quotas have been widely accepted by 
EU milk producers as a constraint on the dairy sector preventing it from exploiting the 
current expansion potential which exists in some regions of comparative advantage for 
low inputs grazing systems such as in humid areas. Recent studies have shown that 
significant potential exists for expansion in some countries such as Ireland, Denmark 
and The Netherlands in the production of milk due to its lower costs of production to 
be a pasture-based milk production system (Lips and Reider, 2005). Comparisons can 
be drawn between the current situation in Europe and the experiences of New Zealand 
and Australia where the removal of milk quotas and price support measures presented 
fundamental new challenges and opportunities for the dairy sector. Changes will also 
create opportunities for sustainable milk production systems in Atlantic regions (i.e. 
Galicia, Asturias and Cantabria in the humid Spain) using farm resources to develop 
and redesign Spanish dairy sector. Improving Galician competitive position in a non 
quota international scenario is an essential requirement for the future development of 
Galician dairy industry (González-Rodríguez et al., 2010). Furthermore, the importance 
of benchmarking performance at national and farm level is a prerequisite to future 
growth taking into account that the most profitable system of milk prodution is which 
gives the highest profit per unit of the most limiting input. 
 Agricultural reforms have previously occurred in other countries such as New 
Zealand (Sayre, 2003) and Australia (Edwards, 2003). Quota deregulation have resulted 
in a reduction in dairy farm numbers, an expansion in total milk production with 
increases in cow numbers and land conversions to dairying, increased intensification of 
pasture-based milk production systems and associated productivity gains as farmers 
reduced expenditure and redistributed resources to areas of comparative advantage. 
New Zealand now enjoys a worldwide reputation for its high quality and innovative 
agricultural and dairy sector. New Zealand is nowadays considered as the world’s 
largest exporting nation of dairy products, holding approximately 26% of the global 
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export market (Hemme et al., 2005). Australia is the third largest dairy exporter (after 
the EU and New Zealand) exporting 60% of its total milk production. 
 The European dairy industry is now entering a period of unprecedented reform 
within the context of increased co-operation between countries towards a global trade 
agreement and a reduction in international trade barriers. EU milk production is 
predicted to fall by 2% in 2015 which this underlines the constraining effect of milk 
quotas is having on total milk output within the region (OECD, 2007). From the Galician 
point of view the elimination of milk quotas has implications on the future direction of 
Spanish dairy industry. Findings from literature suggest that milk price would fall 
between 15-20% but milk production would increase, particularly in Ireland, by 39% 
(Lips and Reider, 2005). A Dutch study carried out by Van Berkum and Helming (2006) 
on the impact of quota abolition on the dairy sector found that under the midterm 
review incomes will decline by between 8 to 10% and, when inflation, quota costs and 
other input costs are included, income levels will fall further resulting in a significant 
reduction in farm numbers. When milk quotas are removed, other factors will become 
limiting such as land, stock, supplementary feed or labor availability, becoming the 
new constraints (Shalloo et al., 2007). The challenge for European dairy farmers is then 
to increase the competitiveness of their business through innovation, productivity gain 
and increased operational scale as the industry evolves using technical innovation. 
Such innovation will be based on both strategic genetic selection and the 
implementation of efficient and successfully pasture-based milk production systems. 
II.1.2.- Efficient Pasture-Based Milk Production Systems and Constraints 
 Grazing dairy system has decreased considerably over the last 30 years in 
many European countries (Bourgeois, 2002) and the number of dairy cows which are 
kept indoors for all or part of the herbage growing season has increased considerably 
(Van den Pol-van Dasselaar et al., 2008). Nevertheless, it is now time to take into 
consideration that due to economic, environmental and animal welfare constraints, 
the abolition of EU milk quotas by 2015 it is envisaged that a larger proportion of the 
milk produced in temperate regions will be produced from grazed pastures (Dillon, 
2006). Grass is the cheapest source of nutrients available for feeding ruminants and it 
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should be the basis of profitable, consumer acceptable and sustainable milk 
production systems in those regions where climatic conditions are adequate for grass 
growth (Mayne and Peyraud, 1996). Despite differences both between and within 
countries on the seasonality of the grass growth and expected yield, high utilization of 
fresh herbage in the diet of dairy cows helps to reduce the feeding costs of milk 
production. Low-inputs grazing systems show also social and environmental values 
related to the preservation of the rural landscape and the promotion of a clean, 
animal-welfare-friendly and transferring a good image for dairy cattle production to 
consumers (Peyraud and González-Rodríguez, 2000). 
 The comparisons made at world level show that milk production systems 
maximizing grassland utilization appear to be highly competitive. A study of the 
international competitiveness of using available farm resources as grazed grass (Figure 
II.1.2.) found that the total cost of milk production is negatively related to the 
proportion of grazed grass in the diet of dairy cows Dillon et al. (2005).  
 
Figure II.1.2. Total costs of production (expressed relative to New Zealand costs) 
according to the proportion of grazed grass in the diet of cows (Dillon et al., 2005). 
 The data showed that increasing the proportion of grazed grass in a system that 
already entails a high proportion of grazed grass (such as in countries with high 
tradition for grazing grass as United Kingdom and Ireland) will have a greater benefit in 
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reducing milk production costs than other system with a low proportion of grazed 
grass (such as in countries with a high inputs milk production systems as Denmark and 
The Netherlands). The relationship also showed that the average milk production cost 
is reduced by 1 cent €/litre per 2.5% increase in grazed grass in the cows’ diet. Models 
indicate that in Ireland, early grazing will increase profitability per cow and day for 
each extra day at grass, through higher animal performance and lower feed costs 
(Kennedy et al., 2005). Similarly, in The Netherlands, the more grass the cows eat at 
pasture the larger is the farmer’s income. Nevertheless, the level of herbage utilization 
on the Irish dairy farms is low and may be increased through increasing stocking rate 
(SR) and applying modern grazing management strategies.  
 In the past, high performance from pasture-based milk production systems was 
based on high SR accompanied by high herbage utilization, but compromising animal 
performance. However, increased emphasis on issues like product quality and nitrogen 
(N) leaching, soil compaction, greenhouse-gas emissions and animal welfare, pasture-
based milk production systems in the future will require higher per-animal productivity 
(Dillon, 2006). Therefore, the efficient utilization of grazed grass will need the 
development of grazing management systems designed to maximize daily pasture dry 
matter intake (PDMI) per cow, while maintaining a greater sward quality over the 
grazing season (Mayne and Peyraud, 1996). The implication is that grazing systems 
designed to maximize cow performance are inefficient in utilization per hectare (ha).  
 The PDMI may be maximized by adhering to sward important characteristics 
such as maintaining a high proportion of green leaf within the grazing horizon while 
allocating an adequate daily herbage allowance (DHA) (Dillon, 2006). Increasing the 
green leaf proportion at the base of the sward through appropriate grazing 
management strategies implemented in early spring may play an important role in 
increasing PDMI and making grazing management easier. Van Vuuren and Van den Pol-
van Dasselaar (2006) used data of Bruinenberg et al. (2002), Bargo et al. (2003), Butler 
et al. (2003), Ribeiro-Filho et al. (2005) and Tas et al. (2005) to calculate that when fed 
a grass-only diet, a maximum PDMI of 110 to 120 g per (kg of body weight)-0.75 can be 
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expected. This amount is considered enough to meet relatively high energy and 
protein requirements from dairy cows. 
 During forty years the selection of dairy cows has been almost exclusively 
oriented toward high genetic merit (HGM) dairy cows on milk production. Today, 
HGM Holstein-Friesian dairy cows are able to produce more than 10,000 kg milk per 
lactation in high-input farming systems, but they cannot produce such amount of milk 
from grazing alone (Dillon, 2006). Consequently, pasture-based milk production 
systems prevent HGM dairy cows from fully expressing their milk potential despite 
high amounts of concentrate being provided (González-Rodríguez et al., 2010). Several 
trials, however, have shown that relatively high milk production (i.e. 7,400 kg per 
lactation) is achievable with HGM dairy cows in pasture-based milk production systems 
with only 350 kg of concentrate (Buckley et al., 2000; Kennedy et al., 2002; Horan et 
al., 2005a; Delaby et al., 2010) at least under areas well suited to produce high yields 
of grass over a prolonged grazing season. Likewise, in the future, the dairy cow 
genotype must be compatible with the system of milk production; the prediction of 
the phenotypic performance of dairy cattle must be based on the knowledge of the 
genotype, the environment and its interaction (Peyraud et al., 2010). 
 There are several constraints that limit pasture-based milk production systems 
and the decrease on the number of grazing cows in the last times can be explained by 
different reasons. Firstly, the convenience of managing confined dairy herds, 
particularly with continuous calving pattern, fed with supplements in order to control 
their diet and balance, and the variability of the fresh herbage (Peyraud et al., 2010). 
Secondly, the lower milk yield (MY) per cow has largely contributed to reduce the use 
of many suitable areas for grazing. In addition, the increasing use of automated 
milking systems makes grazing more difficult, although the combination of grazing and 
milking robot is possible in a future without penalizing MY per cow (Wiktorsson and 
Spörndly, 2002). Increased herd size may be another reason for which the decreasing 
of grazing can be explained, at least for countries in northern of European countries, 
where pressure for land use and SR are high (Van den Pol-van Dasselaar et al., 2008).  
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 Many farms in Galicia are also limited by land area and fragmentation. Van 
Hung et al. (2007) defined land fragmentation whereby a single farm has a number of 
parcels of land which are not adjoining each other. In a pasture-based milk production 
system land area fragmentation is an important constraint on the use of grazing 
systems in dairy farms. With land becoming the limiting factor in a post-quota scenario 
alternative uses for this land such as the outsourcing of replacements to outside land 
blocks or the contract rearing of dairy heifers will be explored for potential increases in 
efficiency (Shalloo et al, 2007). A study by Jha et al. (2005) on the effects of land 
fragmentation in India found that it had a negative effect on technical efficiency 
leading to inefficient use of resources in agriculture and increased costs. If land 
fragmentation means that more labor and other resources are used than is necessary 
and that these resources can be used more effectively elsewhere, there is an overall 
economic gain from reduced levels of land fragmentation (Van Hung et al., 2007).  
II.2.- THE ROLE OF GALICIA IN EUROPEAN MILK PRODUCTION 
 In 2005, rural areas represented 53% of the EU-27 territory with 17% of the 
population living in. From these areas, 42% of the gross value added (GVA) was 
generated (EU Report, 2008) using agriculture 172 million ha of which 60% were 
dedicated to arable crops, 32% to permanent pastures and 6% to permanent crops. As 
the distribution of agricultural lands depends on soil, weather and environmental 
conditions, there are variations between and within Member States. Examples of this 
are the importance of permanent pastures in mountain or rainy areas (i.e. Ireland, 
United Kingdom, Austria, etc.). In 2005, there were 14.5 million farms with an average 
farm size of 12 ha ranging from 1 ha in Malta to 84 ha in Czech Republic.  
 The food industry represents a relevant part of the EU economy accounting for 
2.4% of total employment. It is particularly important in some countries such as 
Poland, Ireland and Czech Republic. Within the EU-27, the situation of the dairy sector 
varies from region to region. This difference is reflected in terms of economic 
importance, with countries or regions specialized in dairy production (33% of the GVA 
of agricultural production in Estonia, 25% in Finland and up to 39% in France or in 
Austria). There are also differences in terms of system of milk production, with an 
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average milk quota by holding ranging between 10 and 900 tons (t), an average MY per 
cow which varies from 3,200 to more than 8,000 litres. In addition, farm structure is 
very disparate: more than 90% of holdings of small size in Romania and in Slovakia, 
while almost 90% of holdings having a "family size" in France, Ireland or Sweden.  
 Farm restructuring is taking place at different places leading to a concentration 
of dairy production. In 2005, 50% of the volume of the EU-27 milk production was 
achieved on 11% of the territory. Galicia, situated in the NW of Spain, was included in 
this value representing a milk production density over 850 kg/ha (Figure II.2.). 
         
Figure II.2. Milk production density (kg/ha) in the EU-27 (EU Report, 2008). 
 
 Galician agrarian economy is very oriented to husbandry while Spanish 
economy is to agricultural production. The 61% of Galician GVA is produced from 
animal production (milk, beef, pork, eggs and poultry), only a 24% from agricultural 
production (wine, potatoes, fruits and orchard) and 4% from services and non agrarian 
activities. Milk is the most important economic and social production of the region, 
accounting for 30% of GVA and represents more than 35% of the total Spanish quota 
(2.2 M over 6.0 M kg). For milk production, only 8% of permanent pastures are utilized 
and 16% are associated to sown pastures, forage maize and crops (MARM, 2010). 
 Grass grows more regularly from the spring to the autumn in the Western part 
of Europe (i.e. United Kindgdom, Ireland, Brittany in France and Galicia, Asturias and 
Basque Country in the Humid Spain), whereas in some regions summer drought last for 




farmers to house the animals (Mosquera-Losada and González-Rodríguez, 1999) or the 
grazing season is short due to long cold winters (i.e. in northern countries).  
 The total number of dairy farms in Galicia showed a deeply decrease, from 
35,700 in 1999/2000 to 13,600 in the 2007/2008 census (representing a 56% of the 
Spanish total dairy farms). The Galician milk quota has been increased only from 1.64 
to 2.15 thousand million in the same periods (the 36% of Spain). Average milk quota in 
Galician dairy farms is 158,000 kg/farm compared to 250,000 kg/farm in Spain. Galicia 
has a 41% of the Spanish dairy cows (average MY of 6,300 kg/cow/year); 44% of these 
dairy cows are equally located at A Coruña and Lugo provinces and a lower number at 
Pontevedra and Orense provinces (Barbeyto-Nistal and López-Garrido, 2010). 
II.2.1.- Galicia: Its Potential for Grass and Milk Production 
 Land distribution in Galicia. The total geographical area of the region is 2.96 
million ha and constituted 5.85% of Spain’s surface, with a population of 2.78 million 
people, 6.03% of the Spanish population (MARM, 2010). It is part of the Humid Spain, 
an area of nearly 6 million ha, which included the Northern Autonomic Communities of 
Galicia, Asturias, Cantabria, Basque Country and part of Navarra. Galicia is a rolling and 
hilly Atlantic temperate region with elevations from sea level up to 2,124 meters.  
 The total land in Galicia is distributed in three parts (MARM, 2010): 
 1.- Around one third of it is unfortunately under scrub, (called “a monte”), 
mainly gorse, Ulex sp., and heath, Erica sp.. This area covers more than one million ha 
which is used for extensive grazing with very low GVA. 
 2.- Another third of Galicia is the forestry land, but Galician forests are the 
disclimax of Pinus sp. and Eucalyptus sp. (750,000 has) and only remains 350,000 has 
of the climax forest of deciduous oak, Quercus robur L., and chesnut, Castanea sativa 
Mill.. This area only generates the 11% of the total GVA.  
 3.- The best land, the utilized agrarian surface, accounts for 700,000 has, the 
24% of the total is the Utilized Agricultural Area (UAA), representing the 86% of the 
GVA in 2007. From this area, 472,000 ha are under grassland, 16% of the total surface.  
 The natural soils of Galicia are acid in almost all region, derived mainly from 
slates and schists (46%), granites (45%), basic rocks (5%) and sediments (4%) as it is 
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showed in the Figure II.2.1.1.a (Parga-Pondal, 1963). These soils support acidifying 
vegetation as heath and scrub in the openfield. Also, the annual rainfall is high, from 
700 to more than 2,000 mm, concentrated in late autumn, winter and spring. From the 
agronomic point of view, it is important to remark that there is a nutrient soil 
limitation, mainly calcium (Ca) and magnesium (Mg), and a period of summer drought 
from three to five months per year (Figure II.2.1.1.b). Annual mean temperatures vary 
from 8.3oC in the highest altitudes inland to 16oC in the southwestern coast, going 
from 2.2 to 11.7oC in the coldest month and from 15.4 to 22.6oC in the hottest month. 
                                      
 
Figure II.2.1.1. (a) Geological map of Galician soils (Parga-Pondal, 1963) and (b) number 
of days of drought in Galician soils (Macías-Vázquez and Calvo de Anta, 2001). 
Macías-Vázquez and Calvo de Anta (2001) published the agronomic aptitude of 
Galician soils, maps for pasture and maize (Figures II.2.1.2.a and b), considering other 
characteristics than soil chemistry, summer drought and topography. The best soils for 
pasture and maize are lowlands near the coast and the worse are hill areas inland. 
Figure II.2.1.2. Agronomic aptitude of Galician soils for (a) permanent pastures and (b) 
forage maize (Macías-Vázquez and Calvo de Anta, 2001). 
After a series of trials on schistic and granitic soils from Galicia, Piñeiro-Andión 






reclaimed from shrublands with a low pH of 5 (in H2O) and a very low P content: 40-50 
kg/ha N, 100-150 kg/ha P2O5 and 100 kg/ha K2O. More detailed trials on the problem 
of aluminum (Al) toxicity as dominated the cation exchange capacity recommended 
from 1,000 to 3,000kg/ha CaO for most soil types (Mombiela-Muruzabal, 1983).  
 Under these conditions the grassland areas in Galicia are dominated by 
permanent pastures with Holcus lanatus L., Agrostis sp., Cynosurus cristatus L. and 
Plantago lanceolata L., etc., and a small presence of legumes like Trifolium repens L., 
Lotus corniculatus L. and Lotus uliginosus Schkuhr., etc. The sown mixtures (grass and 
clovers) are more important in the Humid Spain than in the other Autonomic 
Communities (Piñeiro-Andión and González-Rodríguez, 1998). Since 1961, Yepes-
Hernández recommended as main sown species the following: Lolium multiflorum 
Lam., Lolium perenne L., Dactylis glomerata L. and Phleum pratense L. among the 
grasses and Trifolium incarnatum L., Trifolium pratense L., Trifolium repens L. and 
Medicago sativa L. among the legumes. 
 Grass growth is variable in Galicia between and within locations according to 
the soils and climatic conditions. Collecting experimental data by the CIAM from five 
locations situated at three levels of altitude (Table II.2.1.), large interannual growth 
curve variability was found with the highest values found for grass growth in spring at 
Mabegondo and the lowest in autumn at Samos. A variable percentage of clover was 
also found at pastures in spring: from 25% at <600-<1,000 m altitude to 40% clover at 
Samos. In autumn, Pastoriza and Guntin showed 35% of clover while Samos reached 
50%. From the trials carried out at Marco da Curra and Mabegondo, an annual clover 
content of 30% was observed, but this value droped at Mabegondo when summer 
drought was very severe (González-Rodríguez et al., 1996; Villada-Legaspi, 2009).  
Table II.2.1. Estimation of grass growth (kg DM/day) across the main grazing season in 
five locations of Galicia situated at three levels of altitude. 
 Altitute at sea level1 
Growth period <600 m >600 m >1,000 m 
Spring (March-June) 45-90 30-60 20-35 
Summer (July-August) 50-15 50-15 30-10 
Autumn (September-November) 40-50 15-10 10-5 
1<600 m at sea level, in the coast (Mabegondo); >600 m at sea level, in the inlands (Marco da 




The potential DM yield from grassland on different Galician soils shows high 
variation, in Mabegondo’ soils an average value of 10-12 t DM/ha has been found. 
Maize and potatoes were the main crops grown in most Galician farms in rotation with 
wheat for grain followed by wheat/turnips as a winter green crop (three crops in two 
years) (Lloveras-Vilamanya, 1982). In most fertile areas, the winter crop was the Italian 
ryegrass or oats as green or conserved (silage and/or hay) crop (two crops in two 
years). The less fertile areas, inland mountains, had a rye/fallow rotation. The 
rotations played a key role in Galician traditional agriculture in order to meet animal 
needs over year. Maize was cultivated for grain up to the sixties when milk production 
was developed, then maize silage area increased on the best sized farms. In the last 40 
years, grass silage made hay less important in dairy systems and crop rotations in 
Galicia are simplified to maize silage followed by a short period of sown pasture. 
Size and structure in Galician dairy farms are the main limiting factors for farm 
management and development. That could be the main reason of the actual 
pronounced tendency of abandoning farming activities in the small farms, most of 
them have not successor. Extreme land fragmentation called as “minifundismo” is a big 
problem in Galicia with a high number of paddocks per farm (average of 17). Land 
tenure in Galicia with 82% of the UAA owned and only 12% renting, it is different from 
the rest of Spain with 69% and 26% of the corresponding figures. Compared to dairy 
industries of other EU, Galician dairy industries produce mainly liquid milk (more than 
85% of the total milk processed), with lower added value than processed milk, cheese, 
butter or milk powder. 
II.2.2.- From Conventional Dairy Farms to Mabegondo Dairy Farm Model  
The Galician traditional agroecosystem is characterized by an articulated and 
joint management of different subsystems: crops, cattle and scrubs “monte” (Simón, 
1995). The “monte” can be considered as the angular stone of that system, because of 
its productive functions. The term “monte” in Galicia entails particular characteristic 
that differentiate it from its conceptualization in other places (Bouhier, 1979; Lage-
Picos, 2003). The general definition of “monte” is the area formed by non arable land 
covered by scarce trees, scrub and bushes. In Galicia, the “monte” has been 
traditionally subjected to an intense process of domestication and, therefore, does not 
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strictly fulfill the definition of being non arable land. The “monte” had three functions: 
supplying cereals by means of the “rozas o estivadas” (after cutting and burning the 
gorse in August, incorporing the ashes into the soil, there was a harvesting of wheat 
during the following 1-2 years, then the gorse is reseeding again for cutting during 
around 15 years to make the cattle bed in the stable after fermentation), supplying 
pasture and forage for the cattle and supplying natural fertilization (Bohuier, 1979). 
The fertilizer for soil made by organic manure of vegetable matter (“estrume”), 
obtained by cutting scrub in the “monte”, is reserved for the better land after having 
been used for cattle litter transformed with animal deyections into (“esterco”).  
 Soto (2006) reported that as agriculture is not static but dynamic; the Galician 
traditional agroecosystem has been subjected to changes from the middle of 19th to 
the middle of the 20th century by means of increasing the intensification of land, by 
changing the rotation system, improving the autocthonous cattle breeds, by the 
selection of crops which adapted better to the soil characteristics and by the 
introduction of chemical fertilization in the last 20th century, etc. Now, it is highlighted 
the dismantling of the Galician traditional agroecosystem, with the abandonment of a 
productive agricultural system, based on the use of farm resources, highly integrated 
and adapted to the features of its natural and socio-economic environment. The 
disappearance of this agroecosystem is related to changes in the uses of soil, driven by 
the implementation of specific policies of afforestation as well as by the socio-
demographic dynamics over the last century (Domínguez-García, 2007). The last stroke 
took place with the implementation of the recent process of modernization by 
imposing the change to a system based on external inputs and market oriented.  
 The main characteristics of the most representing conventional dairy farms 
operating today can be summarized from those integrated into the Galician 
management dairy program reported by Barbeyto-Nistal and López-Garrido (2010):  
 Farm size: 24.6 ha.  
 Herd size: 48 dairy cows. 
 Milk quota: 400,000 kg milk/year.  
 Stocking rate: 1.9 cows/ha. 
 Calving: distributed across the year. 
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 Milk yield: 8,500 kg/cow/year and 16,400 kg/ha. 
 Concentrate: 2,960 kg concentrate/cow/year (350 g concentrate/L milk). 
 Costs of feeding: 12.1€/100 L of milk for concentrate and 4.4€/100 L for forage. 
 Costs of fertilization: 200 €/ha (96 kg N/ha, 57 kg P2O5/ha and 41 kg K2O/ha). 
 Milk quality: 38.3 g/kg of milk fat and a 31.6 g/kg of milk protein. 
 Milk price: depending on the amount of milk delivered to the dairy industry.  
 
 Milk price paid to farmers dropped from 40.3 €/100 L in 2008 to 31.0 in 2009, 
with a milk to concentrate price ratios going from 1.40 to 1.24. This is the main reason 
that dairy farmers in Galicia are starting to consider to rely more at grazing grass as a 
feed resource for milk production in sustainable low input systems. 
 Sustainable milk production system using available farm resources, mainly 
based on grazed grass as the cheapest feed source of nutrients for feeding dairy cows, 
has always been the subject of research from the Dairy Section at the CIAM. From 
previous work carried out at the CIAM and taking into account the data of the Trial 
IV.1.1.-CIAM we have extrapolated the following “Mabegondo Dairy Farm Model”. 
 The total experimental herd of around 80 dairy cows on milk were divided into 
two separately groups, spring and autumn, according to calving dates and considered 
as individuals small herds (n=20) with independent grazing management (Roca-
Fernández and González-Rodríguez, 2011). Two grass feeding budgets were performed 
for spring and autumn calving dairy cows and both are presented in Chapter V. 
 Herd size: 80 Holstein-Friesian dairy cows (divide in 4 herds of 20 dairy cows). 
 Stocking rate: 1.9 cows/ha. 
 Milk yield: 7,500 kg/cow/year (average 24.6 kg/cow/day).  
 Feeding budget: 70% grazed grass; 20% silage (grass-maize); 10% concentrate.  
 Surface: 10 ha perennial ryegrass and white clover pastures + 2 ha maize silage. 
 Grazing season: 70-80% of grass growth in spring (start: mid-March to end: 
mid-July) with 4-5 grazing rotations of average 30 days; two months of summer 
drought (feeding supplements: grass-maize silage and concentrate) and 20-30% 
of grass growth in autumn (start: mid-September to end: mid-December) with 2 
grazing rotations of average 45 days. 
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 Mineral fertilization: grazing: 100-90-90; grass silage: 170-90-90; maize silage: 
150-90-90 kg/ha of N-P2O5-K2O, respectively. 
 Grass DM yield: annual grazing: 12-14 t DM/ha; silage: 8-10 t DM/ha (total of 2 
cuts: 1st at beginning of May and 2nd at mid-June with 50% and 40% of surface); 
haymaking in some paddocks at end of July (10% of the surface). Maize silage 
yield: 12-15 t DM/ha. 
 Grass quality: grazed in spring: 15-20% DM, 10-22% CP, 20-40% FAD; wilted 
silage: 25% DM, 13% CP, 33.6% FAD; hay: 90% DM, 7% CP, 40% FAD.  Maize 
silage quality: 28% DM, 9.5% CP and 24.5% FAD.  
 Concentrate/cow: 1,500 kg/305 days (6 kg/day at lactation peak and 
decreasing) of 19% CP, 11% FAD and 1.96 Mcal/kg of NEL. 
 Milk yield: average of 7,500 kg/year. 
 
Heifers: Seasonal grazing from 8 months to calving at 2 years of age. Feeding 
supplements, 2 kg DM/animal of concentrate, at two months before calving like the 
dried cows. Winter and summer feeding 60:40 grass:maize silage and hay. Dairy cow 
replacement: 20% (4-6 lactations). 
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RESUMEN CAPÍTULO II 
La producción de leche es el sector de mayor importancia en la economía 
agraria gallega y está afrontando importantes reformas en los últimos años, debido a 
cambios sucesivos en la Política Agraria Común, que llevarán en 2015 a la supresión del 
régimen de cuotas lácteas en la Unión Europea (González-Rodríguez et al., 2010). 
Habrá que considerar cada vez más los aspectos relativos a sanidad, bienestar animal y 
el respeto por el medio ambiente (Dillon, 2006). En Galicia, representa más de la 
tercera parte del valor añadido neto del sector, con más de dos millones de toneladas 
anuales de leche procesadas (MARM, 2010) y constituye el principal medio de vida 
para 13.000 explotaciones (Barbeyto-Nistal y López-Garrido, 2010).  
La región sufrió un drástico abandono de explotaciones en los últimos años, 
aunque todavía dispone del 56% del total español, con el 41% de las vacas 
(principalmente en las provincias de A Coruña y Lugo), lo que supone el 36% de la 
cuota nacional (Barbeyto-Nistal y López-Garrido, 2010). La estructura de la propiedad 
de la tierra, poca superficie y muy dividida, fue y es la principal dificultad de muchas 
explotaciones gallegas. Esto generó un modelo productivo muy intensificado, similar al 
del resto de la España seca, muy dependiente de insumos externos con costes 
crecientes, sustentado por una relación entre el precio de la leche (L) y del 
concentrado (C) alta. Sin embargo, debido a la volatilidad de los precios de los 
concentrados a nivel internacional se espera que dicha relación sea cada vez menor. 
Además, las constantes oscilaciones en el precio de las materias primas como alimento 
para la ganadería intensiva en el mercado internacional, actuarán en los próximos años 
como agentes desestructurantes claros del sector y repercutirán en gran medida en el 
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precio de la leche pagado al productor debido a un incremento de la competencia 
entre países.  
La posibilidad de reducir los costes de producción a largo plazo está en 
conseguir sistemas sostenibles, competitivos y económicamente rentables basados en 
un aprovechamiento eficiente de los recursos existentes en la región, como las 
praderas en pastoreo, lo que es posible en Galicia al ser ésta la fuente más barata de 
nutrientes para el animal. El modelo sostenible propuesto para las zonas húmedas 
españolas puede producir leche a bajo coste utilizando sus recursos forrajeros, pastos 
frescos, y una adecuada gestión de la explotación. Los programas de gestión de leche 
detectan mejoras en la rentabilidad y eficiencia económica en las explotaciones 
basadas en obtener forrajes de calidad y que hacen un mejor uso de sus recursos 
propios (Barbeyto-Nistal y López-Garrido, 2010). 
La producción lechera gallega aumentó en los últimos años gracias a la mejora 
genética, sanitaria y de la reproducción del ganado y al notable incremento del 
rendimiento por vaca debido principalmente a la compra y suministro de alimentos 
(concentrados y forrajes) (González-Rodríguez et al., 2010). El actual bajo precio de la 
leche y el incremento de costes de los insumos facilita la vuelta a la alimentación con 
forrajes verdes en pastoreo. Se puede mantener la competitividad de estos sistemas 
reservando el concentrado para los momentos de déficit energético donde no es 
factible alcanzar el máximo potencial productivo, pico de la lactación, solo con forraje.  
Los sistemas de producción de leche en pastoreo, muy estudiados en zonas 
húmedas del Arco Atlántico, han mostrado ser rentables en la práctica y con ellos es 
posible lograr un alto grado de eficiencia del modelo productivo, cuando son 
adecuadamente manejados. Para ello, en dichos sistemas lo que se busca es que el 
animal maximice la ingestión de pasto al tiempo que optimiza la calidad de la hierba 
(Mayne y Peyraud, 1996). Siendo, ésta la mejor manera para producir leche en Galicia, 
a bajo coste, utilizando la base forrajera de la que disponemos, principalmente  en  
pastoreo y ensilado solo para cuando no haya pasto disponible en la explotación. Las 
praderas en Galicia representan el 16% de su superficie total (MARM, 2010) y 
constituyen una fuente extraordinaria de riqueza para las explotaciones de áreas 
lecheras, produciendo 10-12 t de MS/ha de alimento con alta versatilidad en su uso. 
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La gestión de los alimentos producidos en la explotación es tan importante 
como su producción. La ración diaria debe priorizar la hierba verde sobre el uso de 
concentrado, dependiendo de la época de pastoreo se puede variar la proporción de 
forraje y concentrado, para tener siempre alta calidad de la ración y satisfacer los 
requerimientos energéticos del animal durante la lactación. En Galicia, se pueden 
producir 7.500 litros de leche cuidando el manejo del pasto y con tan solo 1.500 
kg/vaca/año de concentrado y una carga ganadera de 1,9 vacas/ha, que harán el 
sistema de producción sostenible y competitivo (Roca-Fernández y González-
Rodríguez, 2011). En condiciones experimentales del CIAM se ha definido un “Modelo 
de Producción de Leche para Mabegondo” basado en una ración en pastoreo que 
requiere como ingredientes anuales hierba verde de 6-8 meses al año, silo de pradera 
y de maíz para 6-4 meses. Otros aspectos positivos de los sistemas en pastoreo es que 
el intervalo de partos es próximo al año y permite prolongar la vida productiva de la 
vaca hasta 4-6 lactaciones, con los niveles de reposición del 20%; en contraste con los 
sistemas intensivos con 2,5 lactaciones y niveles de reposición del 60%. La recría en la 
explotación, basada en una alimentación en pastoreo, desde los 8 meses de edad del 















































































III.1.- THE PASTURE 
 The prevalence of grass and legume species used in intensive pasture-based 
milk production systems varies throughout EU. This is due to differences in soil and 
environmental conditions. Some of the most common species are described above. 
 
III.1.1.- Sward Characteristics  
 
III.1.1.1.- Grass and Legume Species  
 
 Perennial Ryegrass. It is the most widely sown grass in temperate regions. It 
shows rapid establishment from seed and strong tillering to produce a dense sward 
that withstands grazing, and responds well to fertile conditions and inputs of N. When 
regularly utilized in medium to high input strategies, the yield of DM and the nutritive 
value are usually higher than for other grass species. Significant advances have been 
made in breeding varieties, classified according to heading date as early, intermediate 
or late. Maximum growth rate is reached during the reproductive phase and so early 
heading varieties can reach their maximum 4 to 6 weeks earlier than the latest 
varieties in the late heading group and post-flowering depression is usually more 
pronounced than for the late heading types (Laidlaw, 2005). Gowen et al. (2003) 
obtained higher DM intake and milk production from the late heading compared to the 
early heading perennial ryegrass cultivars when cows were stocked to allow adequate 
feed. Perennial ryegrass does not thrive under very dry conditions or on infertile soils, 
when it rapidly becomes stemmy and poorly tillered. In countries with the severe 
winter weather associated with continental climates (i.e. central Europe and North 
America), the crop may not survive and other grasses must be grown which show 
greater winter-hardiness. Tetraploid varieties of perennial ryegrass have been bred 
which tend to be slightly higher yielding and digestibility, with higher sugar and water 
contents, and good intake characteristics (Hageman et al., 1993). Their seed size is 
nearly double that of the diploid varieties and their development is regarded as a 
major advance in grass breeding (Camlin, 1997). However, they have fewer, larger 
tillers than diploids, leading to more open swards and possible weed ingress. 
Nevertheless, the lower tiller density can give greater compatibility with white clover.  
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 Italian Ryegrass. It is the second most widely sown grass species in humid 
areas and establishes vigorously. It is most productive in the first year after sowing, 
producing heavy crops with numerous upright fertile tillers, and responding well in 
intensive systems with high inputs of N. Spring growth starts rather earlier than in 
perennial ryegrass, so after an early grazing, large crops of good quality can be cut for 
silage. The second cut must be taken no longer than four weeks after the first, as 
heading is very rapid in the second crop and quality falls accordingly (Corrall et al., 
1979). Autumn growths may be grazed to lessen winter damage because, except in the 
seedling stage, the crop is less winter-hardly than perennial ryegrass.  
 Hybrid Ryegrasses. They have been bred in an attempt to combine the 
productivity of Italian ryegrass with the greater longevity of the perennial forms. Most 
varieties are tetraploids and resemble the Italian parent more than the perennial. 
Despite breeders’ improvements to overcome these limitations, they are only 
regarded as alternatives to Italian ryegrass and they have a place in medium-term leys 
for intensive pasture-based milk production systems. 
 White Clover. It is the most important legume in temperate areas. It is a 
perennial plant with small seeds that are best broadcast on the soil surface. It is always 
grown in association with grass. Its creeping stolons extend leaves into the sward 
canopy. The tap-rooted seedling plant eventually dies, leaving many independently 
rooted daughter plants developed from the nodes on the stolons. Classification of 
varieties in the Recommended Lists is based on its leaf size. Small-leaved varieties have 
thin, highly branched stolons, and are productive and persistent in short swards under 
sheep grazing. Medium-leaved varieties are typical general purpose varieties. Large-
leaved varieties have thick, less branched stolons; they can withstand nitrogen (N) 
inputs better than other varieties, and are suited to milk production systems as they 
will also withstand grazing integrated with cutting. Cutting a drop for silage in early 
summer before the grass tillers have elongated sufficiently to over-top the clover’s 
leaves will enhance the clover content of the sward. 
 Red Clover. It is a less common legume and it may be drilled as a pure stand or 
more usually with a companion grass (usually an intermediate, tetraploid perennial 
ryegrass but timothy or meadow fescue are also alternatives), and it forms a two-year 
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crop for silage with some autumn grazing (Frame, 1990). It can successfully be strip-
seeded into an existing grass base (Haggar and Koch, 1983). Red clover has declined in 
use because of the trend to longer-term swards, its sensitivity to increased cutting 
frequency (Sheldrick et al., 1986) and the susceptibility of popular tetraploid varieties 
to necrotic mosaic virus. Red clover is also used in amenity wild flower sowings. 
 Animal production from grazed pastures can be improved through increased 
use of grass-legume mixtures with higher pasture DM intake and digestibility than 
species alone. N fixation by legumes is the driving force behind low input milk 
production systems of grassland farming, particularly where economic returns cannot 
justify reliance on N fertilizers or where their use is prohibited, i.e. in organic farming. 
In the mixed swards, legumes contribute to the crop yield and also provide N for the 
benefit of the associated grasses. Traditionally, plant breeding objectives were focused 
on increasing DM yield and pesticides and disease resistance, with little emphasis on 
sward factors that affect animal performance and PDMI such as grass-legume 
mixtures feeding value to know its capacity to satisfy animal requirements’. 
Nevertheless, associated with the increased milk production, more land was devoted 
to sown grass-legume mixtures in most temperate regions such as Galicia, going from 
26 thousand of has sown in 1965 to 126 thousand of has sown in 1995 (Piñeiro-Andión 
and González-Rodríguez, 1998). 
 Digestibility varies between grass and legume species and it is considered as 
an important parameter to take into account for sustainable pasture-based milk 
production systems. Wales et al. (2005) suggested that the use of techniques to 
genetically modify plants will enable in the future the development of plants with 
elevated concentration of ruminal undegradable dietary protein and high energy-
yielding compounds. Another major objective of grass breeding is to increase the 
length of the grass growing season. Using grass-clover mixtures will offer the possibility 
to extend the herbage growth season. Characteristics within-season growth pattern 
favour the grasses in spring, during reproductive growth, and the legumes in summer 






III.1.1.2.- Sward Botanical Composition 
 
 The botanical composition of a sward is largely a reflection of the mixture of 
species that was initially sown, together with such weed species that have gained entry 
during the establishment phase. As the sward ages, its evolving composition becomes 
more dependent on the various climatic and environmental influences and that site, 
and on the grassland management imposed. Vegetative expansion of successful sward 
components, germination and establishment from seed ensures that gaps are filled 
with those species or ecotypes that can best survive in the particular circumstances. 
Such a succession from the sown species (predominantly perennial ryegrass) to 
unsown (and usually less preferred), together with an increase in the range of 
dicotyledonous (broad-leaved) species, has been described as sward deterioration 
(Charles and Haggar, 1979). This is arguably a pejorative term for an entirely natural 
ecological progression towards a species composition adapted to the environment.  
 Despite sward quality of sown grasslands is usually considered higher than for 
permanent pastures, the evidence for that in Galicia is sparse (Mosquera-Losada and 
González-Rodríguez, 1995). At moderate levels of fertilizer application, such old swards 
may be capable of good herbage production responses (Hopkins et al., 1990) and 
highly economic levels of output (Elliot et al., 1974; 1978). Also, by ameliorating some 
of the conditions of management or sward environment, an increase in the proportion 
of ryegrass and other valued species is possible, and grassland surveys have shown 
that this occur on many dairy farms (Hopkins et al., 1988). A survey on lowlands 
pastures in Galicia (Calvo-Lacosta et al., 1998) introduced a quickly evaluation of sward 
quality on the basis of floristic composition and species frequencies of the pasture. 
Table III1.1.2.1. shows the forage values given to some forage species found in Galicia, 
according to Plantureux and Bonischot (1993) values and using Florasys program.  
 A total of thirteen grasses and six legume species were examined and values 
related to the quality and productivity of these species were included. The 
classification was made according to four categories for quality (ranging from very 
good to mediocre) and two categories for productivity (ranging from very productive 
to productive). Lolium multiflorum Lam., Dactylis glomerata L., Agrostis capillaris L., 
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Agrostis stolonifera L. and Holcus lanatus L. were the grass species with the highest 
quality and productivity. And Trifolium repens L., Trifolium pratense L. and Trifolium 
campestre Scherb. were the legume species with the highest quality and productivity. 
Table III.1.1.2.1. Quality and productivity levels of the major forage species found in 
Galician pastures. 
Species Q Pr  Species Q Pr 
Grasses:    Legumes:   
Agrostis capillaris L. QG VP  Lotus corniculatus L. G P 
Agrostis stolonifera L. QG VP  Ornithopus compressus L. QG P 
Briza maxima L. M P  Trifolium campestre Scherb. VG P 
Bromus hordeaceus L. M P  Trifolium dubium Sibth. QG P 
Bromus rigidus Roth. M P  Trifolium pratense L. VG P 
Dactylis glomerata L. VG P  Trifolium repens L. VG VP 
Echinoochloa crus-gallii L. M VP     
Holcus lanatus L. QG VP     
Holcus mollis L. M P     
Lolium multiflorum Lam. VG VP     
Lolium perenne L. G P     
Poa annua L. M VP     
Vulpia myuros L. M P     
Q, Quality (VG, Very good; G, Good; QG, Quite good; M, Mediocre); Pr, productivity (VP, Very 
productive; P, Productive) 
 
 Studying sward botanical composition is possible to understand how 
permanent and sown pastures can reach similar quality levels according to the results 
showed in Table III.11.2.2. Although in leys, sown cultivars of Lolium multiflorum Lam., 
Dactylis glomerata L. and Trifolium repens L. have the highest quality levels, they are 
very abundant only short time after sowing and their percentages in the sward 
decrease as the native species invade the pasture. These invaders cause a decrease on 
the quality till medium levels, especially if the sward is more than 3 years old. By other 
hand, if indigenous species as Dactylis glomerata L., Trifolium repens L., Lolium 
perenne L., Agrostis stolonifera L., Agrostis capillaris L. and Holcus lanatus L. are 
abundant in permanent pastures; these can reach high quality levels. It is thought that 
a low number of sown and native species are the main responsible of sward quality. Six 
grasses species (Lolium multiflorum Lam., Dactylis glomerata L., Lolium perenne L., 
Agrostis stolonifera L., Agrostis capillaris L. and Holcus lanatus L.) and four legume 
species (Trifolium repens L., Trifolium pratense L., Lotus corniculatus L. and Ornithopus 
compressus L.) produce high sward quality, if they are abundant in the sward.  
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Table III.1.1.2.2. Percentages of the main forage components and sward quality values 
in the council of Abegondo (Galicia, NW Spain) for permanent and sown pastures. 
Plot Nº VGg Gg QGg Mg VGl Gl QGl OF OM ONF Qv 
Permanent pastures            
1 11.4 8.0 37.4 9.1 9.1 1.1 1.1 3.4 5.7 13.7 52.7 
Sown grassland            
1 14.0 0.0 28.0 9.0 13.0 0.0 0.0 10.0 11.0 15.0 43.9 
2 12.4 1.0 24.8 19.6 10.3 1.0 0.0 13.4 7.2 10.3 44.2 
3 2.0 28.3 16.2 0.0 11.1 0.0 0.0 13.1 12.1 17.2 53.8 
4 2.0 29.0 7.8 1.0 17.5 0.0 0.0 15.5 3.9 23.3 55.8 
VGg, Very good grasses; Gg, Good grasses; QGg, Quite good grasses; Mg, Mediocre grasses; 
VGl, Very good legumes; Gl, Good legumes; QGl, Quite good legumes; Ml, Mediocre legumes; 
OF, Other forage species; OM, Other mediocre species; ONF, Other no forage species; QV, 
Quality forage value. 
 
III.1.1.3.- Seasonality in Grass Production 
 
 The requirement for feed in ruminants does not usually correspond to forage 
availability as outlined in the above grass growth curves. Therefore, systems have had 
to be developed with which: 1) reduce demand for feed by adapting the animal 
production system to meeting the limitations in supply of fresh herbage from a given 
area, i.e. manipulation of the reproductive cycle of the livestock or 2) require non-
forages (such as grains of arable crop byproducts) to be fed or 3) require forages which 
grow during the gap in normal grass growth to be included or 4) retain excess herbage 
at times of oversupply to be fed during gaps (in this case, herbage or forage can be 
retained either by conservation or by deferring its use for grazing) or 5) manipulating 
the growth curve, i.e. by fertilizer N use to reduce imbalances in forage supply. Often, 
more than one of these strategies is adopted within the one system to synchronize 
forage supply and demand. Of all of these strategies, conservation of grass for silage or 
hay is the most adopted method to reduce seasonality throughout most of Europe. 
 Examples of seasonal grass growth curves of perennial ryegrass grown under 
similar grassland management conditions at a range of sites throughout Europe are 
presented in Figure III.1.1.3.a. They highlight the long growing season in Moorepark 
(Southern Ireland) and Hillsborough (Northern Ireland) in comparison to the short 
growing season in Mabegondo (NW Spain). The adverse impact of summer drought in 
Galicia, from July to September, is also highlighted with the potential of grass growth 
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in this area under irrigation. Therefore, unless animal requirement mirrors grass 
supply, grass will be in surplus in some periods and deficit in others relative to 
immediate animals’ requirements. Different grass growth curves from four locations 
situated in Galicia (from the less to the most Atlantic influence such as Samos, Guntin, 
Marco da Curra and Pastoriza) are also showed in Figure III.1.1.3.b and the 
consequences of the excessively high evapotranspiration rate in summer are showed 
during this drought period in July to September in which there is no growth (mainly in 
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Figure III.1.1.3. Growth pattern of pastures in different locations (a) CIAM-Mabegondo 
(NW Spain) (rainfed and irrigated) compared with Moorepark (North of Ireland), 
Hillsborough (South of Ireland) and (b) four sites of Galicia (Marco da Curra, Pastoriza, 





III.1.2.- Sward Quality  
 
III.1.2.1.- Chemical Constituents of Pastures 
 
 Herbage Dry Matter (DM) Content. The DM content of the herbage on offer 
can have a significant effect on PDMI. John and Ulyatt (1987) found that increasing the 
DM content of the herbage can improve voluntary dry matter intake (VDMI). High 
water content is mentioned as a factor regulating DM intake in fresh forages (Forbes, 
1995). In a pasture-based diet, the nutrient content will be significantly diluted by the 
presence of water, which can vary from 85% in the early spring to 75% mid-summer.  
 The VDMI of cows fed grass, increases as the internal water content of grass 
decreases, but remains unaffected by external water (rain or dew) present on the grass 
(Cabrera-Estrada et al., 2004). Surface water would be swallowed quickly during eating 
without being chewed with the remainder of the bolus (Cabrera-Estrada et al., 2003), 
as observed during rumination. Plant internal water cannot be swallowed immediately 
and must be masticated, which probably limits DM eating rate. On average, PDMI 
increases by 134 g per percentage unit DM content in grass over the range from 12% 
to 30% of DM. Butris and Phillips (1987) have contrasting conclusions and they found 
that water external to the plant affected the daily eating time and VDMI of steers. 
Vérité and Journet (1970) considered the threshold at which forage water content 
limits VDMI is between 150 and 180 g/kg DM with an estimated depression of 0.34 kg 
DM intake for each 10 g/kg decline in DM below this level. These authors suggested 
that this was due to predominantly intracellular water which causes a bulk effect on 
the rumen. Peyraud et al. (1996) hypothesized that the greater dilution of DM in fresh 
material may also decrease the rate of PDMI. In addition to the effect of internal water 
content, the herbage surface water might reduce the palatability of the herbage. 
 Crude Protein (CP). The CP content is associated with the leafiness of the plant, 
i.e. a high proportion of nutritionally desirable chloroplast protein (Wheeler and 
Corbett, 1989). Mangan (1982) classified plants CP in three main groups: fraction I (leaf 
protein), fraction II and chloroplast membrane proteins. Fraction I is composed of 
chloroplasts which contain about 75% of the total leaf protein and of this, about 50% is 
a single soluble protein (ribulose-1, 5-bisphosphate carboxylase). Mangan (1982) 
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reported mean values for Fraction I of 5.3, 3.9, and 0.9% for alfalfa (Medicago sativa), 
red clover (Trifolium pratensis), and orchadgrass (Dactylis glomerata), respectively. On 
average, 70% of the true protein of cool season forage plants can be accounted for by 
Fraction I. Furthermore, Fraction I protein is very similar across plant species (i.e. 
grasses and legumes), and it is rapidly degraded in the rumen (Nugent and Mangan, 
1981). Fraction II constitutes about 25% of total leaf protein, and is derived both from 
chloroplasts and the cytoplasm. In contrast to Fraction I, this is a very complex mixture, 
which may have a low rate of proteolysis and could result in a high proportion passing 
through the rumen undegraded (Thomson, 1982). The third fraction is constituted of 
chloroplast membrane proteins and constitutes about 40% of the chloroplast protein 
(Mangan, 1982). The chloroplast membrane protein can be divided into two main 
chlorophyll-protein complexes, chlorophyll-protein complex I and chlorophyll-protein 
complex II, which account for 28 and 49% of the membrane protein, respectively. 
These chlorophyll-protein complexes appear to be slowly degraded in the rumen.  
 Cell walls contain a cell wall associated protein called extensin due to their role 
in fibre cross-linking. This protein is less soluble than leaf proteins and is recovered in 
neutral detergent fibre (NDF). Extensins are covalently linked to polysaccharides 
associated with the plant cell wall, which may account for their insolubility (Van Soest, 
1994b). Although the concentration of N in cell walls is lower in grasses than in 
legumes (129 vs. 170 g/kg DM of CP) (Minson, 1990a), N in cell walls accounts for a 
higher proportion of total N in grass than in legume leaves because of the higher cell 
wall concentration in grass than in legumes (Buxton et al., 1996). Sanderson and 
Wedin (1989) reported N concentrations in leaf cell walls of alfalfa and red clover to be 
9.8 and 26.4 g/kg NDF and 4.2 and 4.6 g/kg NDF for stems, respectively.  
 Proteins can also be classified according to their nutritional characteristics into 
soluble protein, rumen degradable protein, and rumen undegradable protein. Most of 
the CP of fresh forage is degraded in the rumen, with only 25% (on average) CP passing 
unchanged into the small intestine (Minson, 1990c). Dietary protein degraded in the 
rumen can be used very inefficiently if sufficient energy is not available to microbes to 
allow it to be incorporated into microbial protein (Jarrige, 1989). Thus, the rumen 
available energy determines the amount of degraded protein which can be utilised in 
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the rumen with the excess being excreted in the urine. Once the limit for degraded 
protein use is reached, the only way for extra dietary protein to be utilized by the 
animal is if it by-passes the rumen and it is digested in the small intestine. One way to 
increase the amount of degraded protein that can be used in the rumen is to increase 
the soluble carbohydrate content of the herbage (Moorby et al., 2006).  
 Crude Fibre. The cell wall of the plant has been traditionally defined in terms of 
the components that have been isolated from it. Some of them are described below. 
 Cellulose. It is the most abundant carbohydrate in the plant, but its amount or 
concentration is not a good measure of fibrousness or total fibre, although many 
nutritionists have used it for this purpose (Van Soest, 1994c). It has a highly variable 
nutritive availability depending on its association with lignin, silica, cutin, and other 
factors (Van Soest, 1985). Van Soest (1971) reported average values for cellulose of 
220, 229, and 187 g/kg DM for grasses, alfalfa, and red clover.  
 Hemicellulose. It is a heterogeneous polysaccharide fraction largely existing in 
the secondary wall of the plant. It is more soluble in acids and bases than cellulose, but 
not more digestible (Van Soest, 1985). Digestibility of hemicelluloses is directly related 
with that of cellulose and inversely related to lignifications (Van Soest, 1994c). These 
polysaccharides vary according to grazing season and plant stage of maturity. Bailey 
(1973) reported changes due to seasonal variations for ryegrass and orchadgrass of 12 
to 20% for hemicelluloses and 14 to 28% for cellulose. He suggested that variations 
were due to increasing amounts of stem tissue. Little changes in the level of leaf and 
stem hemicelluloses content occur in legumes during growth, however, a marked rise 
in stem cellulose usually results from increasing amounts of stem tissue (Bailey, 1973). 
Cool season grasses usually contain higher content of hemicelluloses than legumes.  
 Lignin. It is a non-carbohydrate polymer and it is often identified as limiting cell 
wall polysaccharide digestibility by ruminants (Buxton et al., 1996). Lignin is covalently 
bound to cell wall polysaccharides, but until recently little was known about the form 
of this cross-linkage (Jung, 1997). When the plant cell stops growing and initiates the 
maturation process, secondary wall deposition and lignifications begin. Lignin 
deposition begins in the primary wall and moves through the secondary wall (Jung and 
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Allen, 1995). Lignin concentration is lower in grass cell walls than in legume cell walls, 
but it comprises up to 10% of DM in mature cool season grasses (Buxton et al., 1996). 
 From a nutritional stand point fibre carbohydrates can be measured by 
determining the NDF. The extraction of forages showed that NDF separated the 
potentially completely available matter from that which is insoluble or incompletely or 
partially digestible (Van Soest, 1993). Thus, NDF is consistent in representing the 
insoluble coarse fibre from forages that stimulates rumination and rumen function, 
which are vital to maintenance of the rumen ecosystem (Van Soest, 1993). 
Furthermore, the acid detergent fibre (ADF) was intended to isolate the components 
more resistant to digestion. In general, grasses contain higher levels of fibre (NDF) than 
legumes, confirmed by the NDF values reported by Polan (1997) and Rayburn (1994) 
on legume and grass pastures. Although this is true it does not mean that legumes are 
more digestible than grasses, since Buxton and Redfean (1997) demonstrated that 
legume fibre is more lignified and less digestible than that of grasses. Therefore, the 
reason why typically legumes are more digestible than grasses is because they contain 
less fibre (NDF), not because legume fibre is more digestible (Buxton and Redfean, 
1997). Buxton et al. (1996) determined that depending on maturity, ruminants will 
digest 40-50% of NDF in legumes and 60-70% in cool season grasses. 
 Lignin concentrations have been used to predict digestibility in vitro (IVODM) 
with a correlation coefficient of -0.97 (Morrison, 1980) and it is, therefore, considered 
that lignin concentration and digestibility are closely related. Work by Minson (1982) 
has confirmed that digestibility is negatively correlated with the crude fibre (CF) 
concentration in several forages including grasses. Variation does exist between grass 
species with temperate grasses generally having a higher VDMI than tropical grass 
species, which is associated with a lower level of fibre and higher digestibility of DM 
(Minson, 1990a). In a study carried out with five tropical grasses, the VDMI of leaf 
fractions declined from 69 to 52 g/kg over 37 days while the corresponding decrease in 
VDMI of the stem fraction declined from 49 to 35 g/kg (Laredo and Minson, 1973). This 
decrease in VDMI was associated with increases in lignin, grinding energy, and the time 
leaf and stem were retained in the rumen. Differences among varieties of temperate 
grasses for DM digestibility tend to be much greater when the digestibility of the fibre 
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is at its lowest during mid- and late summer, than in spring and autumn when DM 
digestibility is greater (Wilkins, 1997). 
 Water Soluble Carbohydrates (WSC). Non-structural carbohydrates are 
composed of WSC, fructans, starch, and pectins that are rapidly and completely 
digested in the rumen and, therefore, they are readily available sources of energy to 
ruminant animals. The latter are part of the cell wall structure, but are also rapidly and 
extensively degraded in the rumen (Hall, 1994). The WSC represent the more rapidly 
digestible part of the non-soluble carbohydrates of the plant. This fraction includes 
glucose, fructose, sucrose and trace amounts of melibiose, raffinose and stachyose 
(Smith, 1973). On average, glucose and fructose occur in about a 1:1 ratio and in a 
magnitude of 1 to 3% of forage DM. Sucrose occurs in larger amounts than the 
monomers, in the order of 2 to 8% DM (Smith, 1973). This author reported values of 
sucrose of 2.8 and 5.2% of DM when orchadgrass and ryegrass, respectively, reached a 
height of 20-25 cm. Fructosans are fructose polymers that contain a terminal glucose 
residue (Smith, 1973), and are the main storage carbohydrates in leaves and stems of 
temperate grasses (0.6-5.4% of herbage DM). They do not occur in legumes where 
sucrose and starch are the main reserve carbohydrates (Van Soest, 1985).  
 Starch is the primary non-structural polysaccharide in species of the 
Leguminoseae (Smith, 1973). Smith (1973) reported values of starch of 8.7, 8.6, and 
7.4% DM during the vegetative stage of alfalfa, red clover, and white clover, 
respectively, and showed that amylopectin was the predominant starch found in 
alfalfa leaflets. Pectin, although a constituent of the plant cell wall, is a soluble 
carbohydrate (Hall, 1994). This polysaccharide has no bonding with lignin, even with 
increasing plant maturity (Hall, 1994), thus, it is dissolved in neutral detergent 
solutions. Grasses are low in pectin (2-5% DM) while legumes contain the highest 
quantities (6-14% DM) (Hall, 1994).  
 The WSC content of perennial ryegrass is a useful selection criterion for feeding 
ruminants; it reflects a balance between assimilation of carbon through 
photosynthesis and its use in plant growth and respiration (Humphreys, 1989). The 
WSC acts as a store of energy (Pollock, 1986) and appears to be associated with tiller 
survival and sward persistency (Thomas and Norris, 1981) and it is a good indicator of 
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regrowth after defoliation (Alberda, 1966). Temperate grass species store WSC 
reserves in their tiller bases or stubble and then reserves are used to supply energy for 
continued growth and function when current energy production is inadequate to meet 
demand following defoliation or during shading (White, 1973). A positive correlation 
between plant WSC concentrations before defoliation and subsequent regrowth after 
defoliation exists for perennial ryegrass (Donaghy and Fulkerson, 1997; 1998).  
 Minerals. The mineral elements constitute some 10% of herbage DM. Soil is the 
primary source of supply of mineral elements to the plant, and as such, it is considered 
to be the main factor affecting mineral content in plants. Plant (genus, species, variety, 
and stage of maturity), environmental (light, temperature, and season), and 
management factors, like fertilization will also affect mineral concentrations in 
pastures (Fleming, 1973; Mayland and Wilkinson, 1996). In general, at early growth 
stages there is a relatively rapid uptake of minerals. As photosynthetic areas begin to 
increase, DM production outstrips mineral uptake with the result that, due to a natural 
dilution process, mineral contents decline (Fleming, 1973). The National Research 
Council (1989) (NRC) recognizes calcium (Ca), phosphorus (P), sodium (Na), chloride 
(Cl), potassium (K), magnesium (Mg), and sulfur (S) as the essential macro-minerals.  
 Calcium. Chronic Ca deficiency in ruminants fed grass is rare and never occurs 
in legume-based pastures (Minson, 1990d), with the exception of high producing cows 
(Buxton et al., 1996). Generally, cool season grasses contain less Ca than legumes. 
Average Ca concentration from data obtained from Muller et al. (1995), Rayburn 
(1994), Fleming (1973), Powell et al. (1978), NRC (1989), and Minson (1990d) was of 
4.9 and 15.8 g/kg of DM for grasses and legumes, respectively. As forage matures there 
is an increase in the proportion of stem, which contains less Ca than the leaf fraction 
(Minson, 1990d). Therefore, Ca concentrations will decrease as the plant matures.  
 Availability of Ca in feeds depends on the needs of the animal and is rarely 
limited by a characteristic of the forage except where oxalate levels are high. Many of 
the estimates for availability quoted in the literature are of apparent availability. 
Apparent availability of 0.3 to 0.4 are commonly reported for Ca, P, and Mg in herbage, 
but true availability (accounting for endogenous losses) are higher (Holmes, 1980a). 
Even when true availability is determined, the data require careful interpretation, as 
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the availability of Ca is also influenced by level of intake, and the values may only apply 
to the feeding conditions of the particular experiment (Butler and Jones, 1973).  
 Phosphorus. P in herbage appears to be more available than Ca (Butler and 
Jones, 1973). Unlike Ca, the quantity of dietary P absorbed from the upper small 
intestine is related to the quantity of P in the diet and is not related to the need for P 
(Braithwaite, 1976). In contrast, NRC (1989) reported that absorption of P will vary 
with age of the animal, decreasing the efficiency at about 14 months of age. Thus, the 
estimated requirements are based on a decline in the availability of P from about 90% 
in calves to 55% in animals with body weight of over 400 kg. Typically grasses have 
lower contents of P compared to legumes (Rayburn, 1994; Muller et al., 1995) 
However, not only differences between species will determine mineral concentrations 
of P in plants, but also other factors like soil fertility influence this. 
 Magnesium and Potassium. In general, legumes are appreciably higher in Mg 
concentration compared to grasses (Fleming, 1973; Fleming, 1983; Grumes, 1983; 
McDowell, 1985; Minson, 1990e). Mg concentrations usually range from 1.5 to 3.1 and 
3.0 to 5.5 g/kg in grasses and legumes, respectively. Recommendations on Mg 
requirements of different classes of livestock are complicated due to considerably 
uncertainty regarding the availability of Mg in the diet (Reid, 1983). Mg availability in 
pastures is lower than in concentrates and preserved forages (Reid, 1983; NRC, 1989). 
 In sharp contrast to most nutrients, net Mg absorption is lowest from young, 
highly succulent pastures, and increases with forage maturity (NRC, 1989). Thus, 
efficiencies of Mg absorption in forages ranged from 7-33 and 5-30% DM as reported 
by Reid (1983) and McDowell (1985), respectively. Under grazing situations where 
most of the animal’s nutrients come from lush, highly fertilized pastures, and for high 
producing lactating cows in early lactation, the suggested requirements range from 
0.25 to 0.30% of the diet (NRC, 1989). Under these situations, the NRC recommended 
some supplemental Mg in a readily available form be provided, such as magnesium 
oxide (MgO). A deficiency of Mg can depress production in two ways: by an acute 
deficiency leading to hypomagnesaemia tetany or by a chronic subclinical deficiency 
like a decrease in milk production. However, the balance of other constituents such as 
K also influences the incidence of hypomagnesaemia (Butler and Jones, 1973).  
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 K, like almost all nutrients in plants, decreases in content with maturity 
(McDowell, 1985). The NRC (1989) reported that young, lush forages in cool weather 
may be high in this mineral. This is true for good quality grass and mixed pastures. 
According to Ward (1966), the high levels of K appear to interfere with Mg metabolism 
and utilization, and are considered to be a factor in grass tetany. This is supported by 
several studies (Newton et al., 1972; Kemp, 1983; Poe et al., 1985; Minson, 1990e), 
where it was demonstrated that feeding high levels of K depressed absorption of Mg in 
the rumen stomach. Taking into account that minerals are abundant in pasture forages 
(with the exception of Mg), especially when legumes are present, a balanced mineral 
mixture fed as part of the supplement will probably meet nutritional needs of cattle.  
 Oligoelements. Although trace minerals comprise less than 0.01% of the total 
mass of an organism, many are essential for normal function (Fisher, 1975). A trace 
mineral is considered essential if its deficiency results in an impairment of function 
(Fisher, 1975; Underwood, 1979) or if its withdrawal from the body induces the same 
structural and physiological abnormalities regardless of species (Fisher, 1975). These 
abnormalities are accompanied by specific biochemical changes, which can be 
prevented or cured, once the deficiency is corrected (Underwood, 1979).  
 There are fifteen trace minerals considered essential in mammalian nutrition, 
such as: arsenic (As), chromium (Cr), cobalt (Co), copper (Cu), fluorine (F), iodine (I), 
iron (Fe), manganese (Mn), molybdenum (Mo), nickel (Ni), selenium (Se), silicon (Si), 
tin (Ti), vanadium (V), and zinc (Zn) (Ullrey et al., 1977). These are classified according 
to their biological function. In enzymes, they act as a cofactor or as an essential part of 
enzyme structure. They maintain protein and nucleic acid sterochemical structure. 
They participate in ionic interactions affecting cell permeability and mineral matrix, 
and act as direct catalysts in the promotion of reactions. 
 The stage of plant maturity and method of forage handling influence the 
availability of trace elements to the animal. In immature pastures, Cu is not as 
available as in dried forages cut at the same stage of maturity (Horvath and Reid, 
1980). As the plant matures there is a gradual decline in the trace mineral content, 
particularly Cu and Zn. The type of cultivar can influence the trace mineral content 
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(Gladstone and Loneragan, 1967). Some plants are known for their Se and Mo 
concentrating ability, while alfalfa and other legumes do not take up Se (Burk, 1978). 
 Cu deficiency. It occurs in cattle either as a primary or secondary problem. In a 
primary deficiency, there is a decreased level of Cu in the diet. In a secondary 
deficiency, there is a failure of Cu absorption or utilization caused by an imbalance or 
excess of other elements in the ration (Ullrey et al., 1977). During periods of rapid 
pasture growth, protein level and protein solubility are high, making the Cu in the 
forage less available (Underwood, 1977). Cu deficiency produces clinical signs which 
are generally related to its role as a catalyst or as an essential component of various 
metallo enzymes or metal activated enzyme systems (Fisher, 1975). 
 Zn deficiency. It shows clinical signs in calves as a stiff gait, swelling of the hocks 
and knees, subcutaneous fluid accumulation and parakeratosis of the skin. 
Parakeratosis of the rumen epithelium, delayed wound healing, reduction in thymic 
size and defects in cell mediated immunity have also been described (Miller and Miller, 
1960; Good et al., 1980). An autosomal recessive trait has been described in Holstein-
Friesian breeds. It is a metabolic fault where there is failure of intestinal absorption of 
Zn. The calves are stunted, lethargic and subject to skin disorders. In cows, the signs 
are parakeratosis around the dew claws and heel bulbs. This extends up the hock and 
between the legs. A dermatosis also develops at the base of the teats (Schwartz and 
Kirchgessner, 1975). Decreased fertility and abnormal estrus behavior has been also 
found in cows and retarded testicular growth in bulls (Miller, 1970; Underwood, 1977). 
 Se deficiency. Se is well recognized as an essential trace element, and its 
deficiency has been associated with impaired growth, fertility, and health in farm 
livestock (Schwarz and Foltz, 1957; Weiss et al., 1990; Ferguson, 1996; Hansen and 
Deguchi, 1996; Koketsu and King, 1996). Failure of reproductive function and a high 
incidence of retained placentas have been associated with Se deficient rations 
(Harrison and Conrad, 1984; Ishack and Erickson, 1986). A Se level of 0.1 mg/kg of DM 
in the ration is considered satisfactory under most conditions for growing animals 
(Underwood, 1977; Julien et al., 1979; Horvath and Reid, 1980). This can be achieved 
by: a) adding Se salts to the ration, the mineral mix or salt mix, b) parental 
administration of Se, or c) application of Se to the soil. In the EU only inorganic sources 
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of Se, sodium selenate and sodium selenite, are currently approved as feed additives, 
with a maximal legal dose rate of 0.5 mg of Se/kg of DM. This value is higher than the 
limit of 0.3 mg of Se/kg of DM set by FDA regulations in the United States, where both 
inorganic and organic sources of Se, such as selenized yeast, are approved.  
  
 III.1.2.2.- Grass Feeding Value and Digestibility of Pastures 
 
 The grass nutritive value gives an indication of its potential value to feed 
grazing animals, but its feeding value (nutritive value x voluntary intake) is of most 
importance to know its capacity to satisfy animal requirements’ (Holmes, 1980b). All 
animals have a minimum requirement for nutrients to maintain essential processes 
and prevent loss of body weight. Additional nutrients are required by the growing 
animal to synthesize muscle, adipose tissue and bone, and by the lactating animals to 
synthesize fat, protein and lactose in milk. While the major requirement is for energy-
yielding nutrients, there are specific requirements for amino acids, glucose, fatty acids, 
minerals and vitamins which depend upon the stage of development, size, type and 
level of production of the animal (Ulyatt, 1973). The grass feeding value is, therefore, 
defined as its capacity to promote animal production, and depends upon its ability to 
supply nutrients to the animal (Beever et al., 2000). It has three main components: the 
amount of grass that the animal will eat (voluntary intake), the content of nutrients in 
the grass (nutrient content) and the ability of the animal to absorb and utilize the 
nutrients (nutrient availability). The ruminant’s ability to extract nutrients from grass is 
mainly dependent on digestive processes carried out by microbes resident in the 
reticulo-rumen. Thus, the grass feeding value is not solely a feed characteristic, but 
depends on a complex three-way interaction between the ruminant animal, its feed 
and the microbial population of its rumen. 
 The growth characteristics of grasses, with particular reference to their distinct 
phases of vegetative and reproductive development, are showed in Figure III.1.2.2.1. 
From a nutritional point of view, plant material can be divided into the cell contents 
fraction (organic acids, soluble carbohydrates, crude protein, fats and soluble ash) and 




Figure III.1.2.2.1. Changes on the chemical composition of grasses according to its 
stage of maturity (from Beever et al., 2000). 
 
 The cell contents are highly digestible and readily available in the rumen. On 
the other hand, the availability of plant cell walls varies greatly depending on their 
composition and structure. As grasses mature, the cells contents decrease (an 
exception is non-structural carbohydrates, mainly fructans, which increase in stem, 
stem base and inflorescence) (Holmes, 1980b) and the cell walls increase (this is, 
generally, due in part to an increased stem to leaf ratio) (Munro and Walters, 1981). In 
the early stages of plant growth, cell contents may represent at least two-thirds of 
forage DM, with protein being a major component. However, the sugar fraction of 
grasses is highly labile and the amounts present in the plant at any stage of growth 
depend on prevailing environmental conditions as light and temperature. Cool season 
grasses have a higher cell wall concentration than legumes, especially in leaves, but a 
lower cell wall concentration compared to warm season grasses (Buxton et al., 1996). 
 Grass feeding value may be also affected by forage species, variety, 
environmnet and, in particular, previous management of the sward. Results reported 
by Thomson et al. (1985), Ulyatt et al. (1988), Beever and Thorp (1996), Harris et al. 
(1997) and Polan (1997) suggested that feeding value of legume species is higher than 
grass species. Relative to grasses, legumes contain higher proportions of CP, organic 
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acids and minerals, but lower proportions of soluble carbohydrates. True protein and 
amino acids vary normally between about 90% of total CP in the young plant to 70% in 
the mature plant, but maturity has little effect on the amino acid composition of either 
grasses or legumes. At all stages of growth, Italian ryegrass has showed a higher 
proportion of leaf to stem than other grass species. The prevailing environment also 
influences the rate of development of leaves and stems. Hence, management 
decisions regarding harvesting of the crop, either by grazing or cutting, have a major 
bearing on the quality of forage harvested and also on the annual yield of digestible 
nutrients ontained from forage. Grass feeding value will also vary with weather 
conditions, and among the climatic variables that influence on it light and temperature 
are the most important factors, followed by moisture (Van Soest, 1994a).  
 Measurement of digestibility is one of the first important steps in evaluation of 
forage quality. Digestibility is the proportion of food consumed which disappears in the 
digestive tract and as such defines quantitatively the nutrient availability per unit of 
feed intake. For this reason it is a major component of nutritive value (Thompson and 
Poppi, 1990). In contrast, Van Soest (1965) considers that chemical composition is 
what determines the nutritive value of forages, as digestibility is dependent upon the 
proportion of the total forage made up by the soluble part and the lignifications of the 
fibrous residue. Plant cell contents are almost 100% digestible, whereas cell wall 
digestibility varies with lignifications and rate of digestion of cell walls.  
 The digestibility coefficient of a nutrient is referred to the proportion of that 
nutrient eaten that disappears across the whole gut, i.e. for organic matter (OM), the 
OM digestibility coefficient (OMD) is considered a better estimate of nutritive value 
than DM digestibility, as it is not affected by the ash content of the forage, which can 
be quite variable due to soil contamination. It was found that the most practical 
measurement of sward quality is the proportion of live leaf in the sward directly ahead 
of the cows and related to the OMD. It is desirable from results presented in Table 
III.1.2.2. that the proportion of live leaf in the sward is not less than 65%. Also, OMD is 
considered to be closely correlated with energy availability. Genetic improvements in 
DM digestibility of forages result in improvements in animal performance by increasing 




 Table III.1.2.2. Relationship between the proportion of live leaf and organic matter 
digestibility (O’Donovan and Dillon, 1999). 
 
  
 The digestibility of a particular pasture species is influenced by many factors 
including the time of growing season (Wilman et al., 1976) as the sward changes from 
vegetative to reproductive growth (Figure III.1.2.2.2.). These changes in grass 
digestibility are mainly associated with differences in the proportions of green leaf, 
mature stem and senescent material and are likely to influence the feeding value of 
the grasses (Ulyatt, 1981). The beginning of ear emergence is the point at which the 
rate of fall of digestibility changes from a slow to a high rate (Minson et al., 1960). 
With increasing maturity, the digestibility of the stem decreases at a much faster rate 
than that of the leaf, the leaf-sheath digestibility declines at an intermediate rate. 
Temperate grasses generally have a high DM digestibility, averaging 700 g/kg over the 
year; however, there are seasonal variations (Ulyatt, 1981).   
 In general, legumes are typically more digestible than grasses (Buxton and 
Redfear, 1997). This was corroborated by Steg et al. (1994) by comparing the OM 
digestibility between ryegrass and white clover at two maturity stages (early and late 
vegetative stage). On average, the undegradable fraction of OM was lower for white 
clover than for ryegrass (135 vs. 170 g/kg OM). For all forages, undegradability 
increased as the growing season progressed. In contrast, rumen degradation of NDF 
was significantly higher for grasses than for clover (820 vs. 770 g/kg). Buxton and 
Redfear (1997) also reported lower values of rumen NDF degradation for legumes. 
Depending on maturity, ranges for NDF digestibility were 400-500 g/kg DM of NDF in 
legumes and 600-700 DM g/kg in cool season grasses. 

































Trifolium repens L. (Tr) late Lolium perenne L. (l-Lp)





Figure III.1.2.2.2. Digestibility values of four pasture species (Trifolim repens L., Dactylis 
glomerata L., early (e) and late (l) Lolium perenne L.) and date of 50% ear emergence 
(EE) (Piñeiro-Andión and Pérez-Fernández, 1993). 
 
 Pasture digestibility was compared with hay and silage digestibility by Holden 
et al. (1994). Forages were based on orchadgrass, and less amounts of Kentucky 
bluegrass and smooth bromegrass. True DM digestibility was 300 g/kg higher for 
pasture (737 g/kg) than for hay (560 g/kg DM) or silage (569 g/kg DM). Holden et al. 
(1994) suggested that although grass harvested for hay and silage was visibly more 
mature than the grazed pasture, it was more likely that the digestibility of pasture was 
higher due to a higher content of non-fibre carbohydrates (305 g/kg DM) in pastures 
compared to hay and silage (216 vs. 215 g/kg DM, respectively). Based on these 
findings, lush pastures have a high feeding value and can be used as the only forage 
source fed to lactating dairy cows. However, more energy available in the rumen will 
usually be required in order to optimize microbial protein synthesis.  
 Berzaghi et al. (1996) compared digestibility of diets based on pasture either 
with or without supplementation of 5.4 kg of cracked dry corn. Total OM (719 vs. 699 
g/kg) and rumen true digestibility (643 vs. 587 g/kg) were higher when cows were not 
supplemented. In contrast, rumen OM digestibility as a part of total tract digestibility 
was not different between diets (681 vs. 623 g/kg). This suggests that site of digestion 
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might have shifted from the rumen to the duodenum due to the greater passage of 
undigested starch in cows that were supplemented with corn (Berzaghi et al., 1996).  
 Peyraud and Astigarraga (1998) observed a 0.02 unit decrease in OMD on 
pastures at the same age of regrowth when N fertilisation was decreased. They 
showed that in French deep and rich soils (10% OM) reducing N fertilizer from 320 kg 
to almost zero N did not affect MY, while CP content of unfertilized swards remained 
greater than 15%. In contrast, in soil with low N supply capacity (2% OM) reducing N 
fertilization led a reduction in MY of 2.5 kg per day and in PDMI of 2 kg, while CP 
content in the herbage fell below 12%. Therefore, reduced PDMI was mostly mediated 
through reduced CP content of the herbage, while HM and sward surface height may 
be of influence. Peyraud and Astigarraga (1998) also calculated that, to maintain a 
daily milk production of 0.80 to 0.85 kg of milk protein, a daily intake of 3 kg of CP is 
required in the ration of dairy cows.  
 In general, legumes have characteristics that lead to a higher animal 
performance compared to grasses. PDMI and milk production have been showed to 
be higher in mixed perennial ryegrass-white clover swards compared to pure perennial 
ryegrass swards (Wilkins et al., 1994; 1995). Philips and James (1998) and Ribeiro-Filho 
et al. (2003) have showed that increasing the content of white clover in pasture has 
increased MY by 1-3 kg per cow per day in several short-term trials conducted at 
similar DHA. The difference increases with clover content and reaches a maximum 
when white clover content averages 50-60% (Harris et al., 1998). As a consequence of 
higher energy intake, milk protein content tends to increase on mixed pastures.  
 Rogers et al. (1982) showed that cows consuming white clover pasture 
produced more milk and gained more BW (85 vs. 80 kg) due to a 30% higher PDMI. 
Harris et al. (1997) showed than in mixed swards with perennial ryegrass, MY was 
increased by 20% when dairy cows consumed a diet with 80% clover. Clovers contain 
less structural carbohydrate, leading to more rapid rates of breakdown of OM, N and 
cell walls (Beever and Siddons, 1986; Aitchison et al., 1986; Beever et al., 1986a,b) and 
the retention time is less compared with ryegrass (Ulyatt, 1973). Besides the positive 
effect of legumes on VDMI, it is also probable than leaves of legumes are more 
favorable for prehension than steams and sheats of grasses. One of the most decisive 
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advantages of white clover is that the rate of decline of nutritional quality throughout 
the plant-ageing process is far less than for grasses (Peyraud, 1993). At grazing, the 
difference in DM intake between pure grass pastures and grass-clover mixtures 
increases with increasing age of regrowth. Ribeiro-Filho et al. (2003) showed that 
PDMI declines by 2.0 kg/day on pure ryegrass pastures compared to 0.8 kg/day on 
mixed pastures. This makes mixed pastures easier to manage than pure grass pastures. 
Age of regrowth can be increased without adverse effect on quality. Despite the clear 
advantages in the intake of white clover over perennial ryegrass, there are issues that 
need to be considered such as the cost of increased prevalence of bloat and the 
additional costs of maintaining swards high in white clover content.  
 Yield benefits of grass-clover mixtures can be considered equivalent to 150-
350 kg/ha fertilizer N. Grass-clover mixtures fertilized with 50 or 150 kg/ha/year N 
attained yields in the range of the heavily fertilized (450 kg/ha/year N) monocultures 
of the highly productive grass, with clover percentage in the mixture ranging from 30 
to 80% (Nyfeler et al., 2009). This study confirms that the productivity of mixed 
pastures is directly related to the contribution of clover. The DM production of grass-
clover mixtures increases by 7.2 to 7.9 and 9.2 t/ha for clover contributions of, 
respectively, less than 20%, 20-40% and 40-60% in summer. On good and deep soils 
and with a sufficient water supply in summer, mixed pastures produce almost as much 
DM as the pure grasses pastures receiving 200 to 250 kg/ha (9.6 vs. 9.8 t/ha).  
 
III.1.3.- Forage Conservation and Supplementation 
 
 During periods of low pasture growth decisions on how animals to be fed have 
to be taken. While conserved forage is an option, some systems rely heavily on 
bought-in feed (supplements). In Northern Ireland, comparing a milk production 
system which relies on high quality silage, high daily herbage allowance and moderate 
amounts of concentrates with a system comprising tight grazing, medium quality silage 
and dependence on a high concentrate level, Ferris et al. (2003) found that overall 
animal performance was similar but stocking rate in the latter is the more cost 
effective system, when the economics of dairy production are considered in relation to 
the proportion of grass in the diet. Some other studies calculate grazed grass to be 
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substantially cheaper (Wilkins et al., 1999) or only slightly cheaper (Keady et al., 2002) 
than high quality silage or alternative feeds. 
 
 Grass Silage. An efficient conservation strategy is a vital part of grassland 
management. The main objectives of forage conservation are firstly to produce 
sufficient feed for the winter months with minimum loss of quantity and quality and 
secondly to aid in the management of pastures throughout the grazing season by 
removing surpluses of grass, thereby, maintaining sward quality and density (Sheath et 
al., 1987). Although the aim in silage making is to conserve herbage at as high a quality 
as grazed fresh grass, the quality of the grass at harvest and management from cutting 
until feeding, including all of the preserving/ensiling processes, are variables which 
prevent that aim being attained (Mayne and O’Kiely, 2005). While grass and forages 
may be grown especially for grazing or conservation, often good management dictates 
that the same sward be grazed and cut depending on demand for grazed herbage at 
specific times. So decisions need to be taken as to how much and when the sward in 
whole or part should be closed off for conservation. When weather permitting, all of 
the farm area should be grazed upon turnout. During the first week of May 
approximately 45-50% of the total area should be targeted for closing as first cut grass 
silage with a yield of 8-10 t DM/ha. However, depending on grass-growing conditions 
this date should be a bit delayed. In Galician dairy farms, Flores-Calvete (2003) has 
reported average values of 23.1% DM, 11.6% CP, 58.9% FND, 35.7% FAD and 13.3% 
WSC for grass silage samples (n=75) collected in spring-summer. The second silage cut 
is taken from approximately 35-40% of the farm 7-8 weeks after the first cut. A yield of 
4.5-5.0 t DM/ha (20% DM) should be targeted. Further conservation strategies are now 
being employed by farmers in order to maintain high sward quality; when actual grass 
covers exceed the target excess herbage can be conserved as baled silage.  
 Ensilage is an occurring process which enables the conservation of herbage 
through an acidification process caused by the production of organic acids, particularly 
lactic acid, produced by epiphytic bacteria fermenting released plant sugars (Pitt, 
1990).  As with haymaking, the success and efficiency of the ensilage process and the 
nutritive quality of the preserved forage are dependent upon a number of several 
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factors. These include the chemical composition of the harvested forage, type of post-
mowing mechanical treatment, and the rate and extent of DM losses as a result of 
respiration, storage and feed-out. Harvesting grass herbage at optimal quality, with 
adequate CP and OM digestibility, is essential in order to maximize the nutritive value 
of silage for economic animal production (Demarquilly and Andrieu, 1992).  
 There have been major developments in the technology of silage making since 
the 1970s, and a wide range of chemical and biological additives are available to assist 
the ensilage process and improve silage quality (Flores-Calvete, 2003). Until relatively 
recently, additives based on organic acids, such as formic acid or inorganic acids, such 
as sulphuric acid, or formic/sulphuric acid mixtures were widely used in silage making 
throughout Europe. However, it is recognized that responses in animal performance to 
formic acid treatment are only obtained in situations where acid treatment results in 
an improvement in silage fermentation characteristics (Mayne and Steen, 1990; Parker 
and Crawshaw, 1992). Furthermore, Steen (1991) has shown that whilst treatment of 
grass with sulphuric acid increased silage intake, there was no beneficial effect on 
animal performance. In contrast, treatment of herbage at ensiling with bacterial 
inoculants has produced positive responses in DM intake and animal performance 
(Weiss and Underwood, 1992), even in the absence of any apparent improvements in 
silage fermentation. The addition of larger numbers of homofermentative lactic acid 
bacteria at ensiling process results in a rapid increase in lactic acid production and a 
faster decline in pH than observed in untreated silage (Demarquilly, 1986).  
 There are strong environmental and economic arguments in favor of high DM 
silage (McDonald et al., 1991).  Field wilting of herbage prior to ensiling is widely 
adopted in silage making systems throughout Europe, primarily as a means of reducing 
effluent production during ensilage (O’Kiely and Muck, 1998), although most studies 
indicate that whilst wilting increases DM intake, on average it marginally reduces OM 
digestibility (Demarquilly et al., 1998). A reduction in animal performance reflects loss 
of nutrients during wilting, particularly with the prolonged field wilting periods which 
are often required to achieve DM concentrations of 250-300 g/kg, given prevailing 
climatic conditions in northern and western regions of Europe. Wilting to over 30% DM 
virtually eliminates the risk of pollution from silage effluent (Miller and Clifton, 1965), 
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reduces the characteristic odor associated with wetter silage and reduces the volume 
of slurry produced by livestock. It also has implications for protein content and the 
resultant nutritional value of silage. Traditional wilting techniques have relied on 
mowing the grass, followed by single or multiple tedding, before drawing the cut 
herbage up into swaths for ensiling when the DM content was between 20% and 60%. 
Rapid wilting (less than 30 hours) increased the DM content from 160 to 320 g/kg at 
the time of ensiling, which resulted in an increased DM intake of 17%, and an 
increased MY of 2.4%. Improvements were also found in milk quality, with higher milk 
fat and protein content from cows fed the wilted silage (Wright et al., 2000). 
 
 Maize Silage. Due to the fact that grass silage suffers from certain limitations 
when it is used as the sole forage to feed cows (i.e. reduced or sub-optimal intake, 
variation in silage quality and preservation in relation to delayed harvesting or bad 
weather and high cost of second or third cuts of silage relative to other feeds), maize 
silage is considered as an alternative forage which can be fed to complement or 
partially replace grass silage. Maize silage is the predominant or sole forage fed to 
livestock in many parts of Continental Europe and the acreage of forage maize is 
expanding rapidly in other countries as Spain (i.e. in some Galician dairy farms is the 
only forage source). The feeding value of the dietary component maize silage can be 
defined as its influence on the intake, digestibility and nutrient utilization efficiency of 
a complete ration. The high intake characteristics of maize silage would be important 
for high yielding dairy cows in order to achieve high forage intakes early in lactation 
and avoid excessive body weight loss and negative energy balance soon after calving. 
Forage intake was always increased by inclusion of maize silage in the diet, even when 
replacing high quality grass silage. This would suggest that the rate of digestion of 
maize silage and passage of digesta from the rumen is faster compared to grass silage.  
 Its main advantages as a feed for animals are good yields of forage (12-15 t 
DM/ha) with a high starch content (250-350 g/kg DM), easily ensilable, one harvesting 
operation, high intake characteristics, grows well in low or moderate rainfall areas, 
suitable for growing in fragmented farms and it is eligible for area aid subsidy on land 
designated for growing cereal crops (Phipps and Wilkinson, 1985). Flores-Calvete 
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(2003) has reported average values of 33.3% DM, 6.1% CP, 22.9% FAD, 11.7% WSC and 
74.0% IVODM for maize silage samples collected from Galicia (n= 360).  
 Good quality maize silage produced in good growing conditions can be an 
important part of dairy cows’ diet, particularly on farms involved in winter milk 
production. It can also be fed as part of the forage for spring calving cows prior to 
fulltime turnout or in late lactation when housed or to other stock on the farm i.e. 
replacement heifers, finishing beef cattle or weanlings. Partially replacing high quality 
grass silage with good quality maize silage increases forage intake, MY and milk protein 
without affecting the efficiency of milk production (Phipps et al., 2000). Mixed forage is 
considered better than all maize silage for milk production. In practice, a 50:50 mixture 
of maize and grass silage is attributed near optimum for milk production.  
 Inclusion of maize silage in the forage with grass silage increases forage intake 
but the benefit in milk production depends on the maturity (starch content) and 
digestibility (greenness) of the crop when is harvested. Moreover, variation in growing 
conditions and summer radiation can result in considerable changes in the yield, 
maturity and feeding value of forage maize from year to year and between regions or 
locations within years (Flores-Calvete, 2003). And there is no advantage in allowing an 
immature maize crop to grow on later in terms of increasing crop yield or maturity or 
the feeding value of the silage for milk production while the risk of delayed harvesting 
due to inclement weather and reduced digestibility of the crop can be increased. A 
long delay in harvesting the crop after a frost kill will result in leaf senescence and a 
reduction in the digestibility of the silage. The feeding value of such silage for milk 
production is equivalent to moderate quality grass silage.  
 The optimum level of starch in maize silage for dairy cows in early lactation has 
not been firmly established. Fitzgerald and Murphy (1998) have observed that 
immature maize silage containing very little starch content, when harvested in a green 
state with a high digestibility, was equivalent to high quality grass silage for milk 
production when representing 60% of the forage in the diet. Furthermore, forage 
intake was increased and feed efficiency for milk production was reduced on the mixed 
forage compared with the grass silage based diet. These authors have showed that 
increasing the level of starch in immature maize silage by adding maize grain to 
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achieve a level of starch similar to a very mature maize silage, has the potential to 
increase feed intake, milk yield and protein. Alternatively, the level of concentrates fed 
with the high starch forage can be reduced by 3 kg/day compared to the grass silage or 
low starch maize forage, while maintaining the same level of milk production. 
 
 Haymaking. The aim of haymaking is to preserve grass by drying to a moisture 
content of <18%, at which point microbial and plant enzymic activity is minimal. The 
moisture content at which the crop can safely be stored depends on its composition 
and its stage of growth at the time of harvesting. Mature grass contains relatively low 
amounts of sugars that can be oxidized causing heating. Thus, mature grass may be 
safely stored at DM contents of 82-85%. By contrast, leafy immature grass harvested 
for hay must be dried to greater than 88% DM for safe storage without the risk of 
heating and moulding. The rate of field drying is also dependent on the maturity of the 
grass crop at harvesting. In Galicia, where the climate is predominantly humid, 
haymaking has always required a lengthy pre-drying period even when the grass has 
been mown at a mature stage. During this drying period considerable changes can 
occur in both the nutritive quality and the digestibility of the hay. As hay quality is 
critically dependent upon the duration and intensity of the drying period, and because 
of the unpredictability of temperate summers, nowadays in Galicia it is observed a 
decline in haymaking and the increase in preservation of grass as silage. 
 
 Feeding Costs of Grass versus Silage and Concentrate. Grazed grass is the 
cheapest feed available for dairy cows using good grassland management and high 
sward quality (SR of 2.47cows/ha, 300 kg concentrate fed per cow, N application rate 
of 285 kg/ha and a milk output of 1,240 kg milk solids/ha). Using a low land rental 
charge of 250€/ha (Table III.1.3.) in Ireland, first cut silage was 2.7 times as expensive 
as grazed grass, second cut grass silage 3.2 and concentrates at 240€/t was 4.9 times 
expensive. Maize silage was of similar cost as first cut grass silage but less expensive 
than second cut grass silage. Using a high land rental charge of 450€/ha, the relative 
costs of grass and maize silage and concentrate were also higher when dairy cows 
were not fed with fresh herbage. These data are in line with Barbeyto-Nistal and 
López-Garrido (2010) for Galician dairy farms, in which grass and maize silage is three 
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times and concentrate five times expensive than grazed grass. The results illustrate 
that grazed grass should be the base feed on the grazing platform, first cut grass silage 
used as the winter feed with maize silage and second cut grass silage kept at a 
minimum. Concentrate should be used when cows are at the pick of lactation or in a 
situation of energy deficiency balance to satisfy their needs. 
 
Table III.1.3. The relative cost of grazed grass, silage and concentrate in cows’ ration 
for two land rental charges in Ireland (250 or 450 €/ha) (French et al., 2007). 
 Grazed Grass silage Maize Concentrate 




 cut silage 160€/t 200€/t 240€/t 
Total costs (€/t DM) 47 117 133 115 187 234 281 
No land cost (€/t DM) 33 92 112 96 - - - 
€/1000 UFL 54 146 173 140 177 221 265 
Relative to grass total cost UFL (250€/ha) 1 2.7 3.2 2.6 3.3 4.1 4.9 
Relative to grass total cost UFL (450 €/ha) 1 2.4 2.7 2.3 2.5 3.1 3.7 
  
  
  The relative competitive advantage of grazed grass is expected to improve over 
the next number of years due to higher concentrate prices and continued increase in 
the cost of grass and maize silage. Reduced production and increased demand for grain 
around the world is causing prices to increase, grain consumption will outweigh supply 
for the foreseeable future. For cereals, weather related shortfalls in production have 
occurred in a number of producing countries and regions such as the United States, 
UE, Canada, Russia, Ukraine and most notably Australia, where production fell by more 
than 50%. In a global context, low cereal stocks in recent years have been a strong 
factor underpinning world prices. The demand of cereals for biofuel production is 
placing additional demand for an already tight supply situation and has contributed to 
further strengthening of world cereal prices. It is noteworthy, however, that the 
combined cereal supply shortfall in North America, Europe and Australia in 2006 of 
over 60Mt was nearly four times larger than the 17Mt increase in cereal use for 
ethanol in these countries.  In real terms, dairy farms will continue to be exposed to 
high cereal prices for the medium term. Conserved feed costs (both grass and maize 
silage) will continue to increase relative to grazed grass due to increases in contractor 




 A SWOT Analysis. Based on the study of Strengths, Weaknesses, Opportunities 
and Threats of grasslands compared to maize for forage production (Peeters, 2008): 
 
 Strengths. Are good DM yields of intensive swards, excellent grass quality, high 
protein and mineral contents, permanent soil cover, low-inputs, no or little pesticide 
use, possibility of variable use of fertilizers, usually acceptable levels of nitrate and 
phosphate pollutions, soil and water protection and, positive effects on biodiversity. 
Grass-legume mixtures are one of the pillars of organic farming. Dairy products from 
pasture-based systems can be tastier and sometimes even healthier than products 
from high-inputs systems. Extensive grazing systems can indeed be associated with 
high-quality products protected by labels. Grassland systems can produce high quality 
landscapes that can be associated with agri-tourism activities.  
 
 Weaknesses. Are related to the fact that they must be harvested in several cuts, 
grass conservation relies on weather conditions, feeding quality and intake (grazing 
and/or silage) can be reduced in case of unfavorable weather conditions, costs for 
silage making are relatively higher, N content can be too high especially during grazing, 
nitrate and phosphate pollution risks after sward destruction of temporary grasslands 
can be important, intensive cutting systems can be detrimental to wildlife. 
 
 Opportunities. The disappearance in 2003 of the “maize premium” is a 
challenge for grasslands. The protection of the grassland area is integrated in the 
Common Agricultural Policy. There is a social demand and a political willingness to 
protect the environment, landscape and biodiversity. There could be an increasing 
demand for dairy products on the world market in the future. An increase of fossil 
energy and input prices can increase the attractiveness of grass-legume mixtures. The 
increase of cereal price can induce higher use of green forages for animal feeding.  
 
 Threats. A reduction of agricultural supports could be a threat as a reduction of 
the importance of the rural development policy. A significant proportion of the 
grassland area could be destroyed for agro-fuel production. An increase of cereal 
prices could encourage farmers to plough grasslands for crop production. A decrease 
-68- 
 
of the consumer’s purchasing power could reduce high-quality product consumption.  
 
III.1.4.- Grass Feed Budgeting 
 
 Grazed ecosystems are characterised by a dynamic, hierarchical interaction of 
soil, plants and animals.  Successful grassland management pivots on balancing animal 
feed requirements with seasonal and annual fluctuations in pasture production. In 
order to maximise animal production from pasture-based milk production systems, 
herbage has to be accumulated in the sward and conserved during periods of grass 
surplus.  Also, a compromise has to be achieved between unrestricted feeding (when 
grass growth exceeds feed demand) and the maintenance of pasture quality within the 
sward (Sheath et al., 1987). The quantity of herbage available for grazing throughout 
the year can be increased through the use of grassland feed budgeting techniques.  
 
 Feed budgets provide information on how available feed may best be used to 
ensure optimal levels of animal production and increased herbage utilization, thereby, 
ensuring more profitable decisions on pasture use that can be implemented at farm 
level to increase its profitability. Grass feed budgeting can be used with both 
continuous and rotational grazing systems. In both cases, effective budgeting requires 
close integration of grazing and conservation management, which provides the 
flexibility to remove grass surpluses at times of peak grass growth or alternatively to 
prevent grass shortage during periods of poor growth. 
 
 The annual feed budget involves setting targets for areas required for grazing 
through the season. This involves assessment of overall grass production for the 
season, taking account of local soil and climatic conditions and the level of nutrients 
which will be applied. The total quantity of herbage produced annually depends on the 
grazing system, stocking rate and N input of the production system. Devising an annual 
feed budget requires a clear understanding of pasture availability, animal responses to 
changing pasture availability and the pasture conditions under which target intake and 




 Intermediate pasture budgeting is concerned with pasture cover targets for 
grazing and conservation (Stakelum and O’Donovan, 1998). The main components that 
influence the medium-term feed budget are autumn grazing management (closing 
date), turnout date, conservation strategy, use of supplements and grass varieties. The 
two major objectives of the intermediate feed budget are firstly to adjust the stocking 
rate during the season to match changes in grass growth rate with changes in demand 
by the cow and secondly to conserve surplus grass for winter feeding. In summary, the 
intermediate feed budget enables calculation of the grazing areas to be required at 
various points through the season, allowing for typical grass growth rates and changes 
in grass requirements of the cow. The intermediate feed budget may be also used to 
calculate additional areas needed through the season in a continuous grazing season. 
 
 The main objective of short-term feed budget is to supply an adequate quantity 
of high quality grass to the cow whilst maintaining sward quality. This is best achieved 
by regular monitoring of the grazing area. Monitoring can involve assessment of grass 
yields and/or sward heights before and after grazing, and basically involves comparing 
actual grass availability against target. Techniques which can be used in short-term 
feed budget include altering rotation length in rotational grazing, i.e. closing up surplus 
paddocks for big-bale silage, use of buffer grazing in continuous grazing systems 
and/or the use of feed supplements during periods of pasture shortage.  
 
 Through continuous assessment of the quantity of pasture available for grazing, 
decisions regarding autumn closing date, daily herbage allowance and grazing severity 
can be executed (O’Donovan, 2000; Butler et al., 2003). Additionally the integration of 
decision support software tools, such as Pâtur’IN (Delaby et al., 2005) and Herb’Avenir 
(DeFrance et al., 2005), can support strategic managerial decisions for dairy cows at 
pasture (Barrett and Laidlaw, 2005). Daily pasture DM intake places most pressure on 
the pasture feed budget and this is directly linked to the quantity and quality of the 
herbage offered.  Factors which affect the short-term feed budget and, therefore, feed 
requirement and intake, are milk yield, body weight, stage of lactation, daily herbage 
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RESUMEN CAPÍTULO III.1. 
 
El alimento para el ganado vacuno de leche debe producirse en la explotación 
y aportarse en fresco, ya que los datos de gestión económica de las explotaciones 
irlandesas y gallegas (French et al., 2007; Barbeyto-Nistal y López-Garrido, 2010) 
muestran que su coste es tres veces menor que aportarlo como conservado (ensilado) 
y cinco veces menos que comprar concentrados u otros forrajes producidos fuera de la 
explotación. Galicia dispone de variedades de especies forrajeras adecuadas para la 
producción de leche en pastoreo entre las que destaca el raigrás inglés que asociado a 
leguminosas, en concreto al trébol blanco, forma praderas apropiadas para pastoreo 
(Piñeiro-Andión y González-Rodríguez, 1998) en las que es posible maximizar la 
ingestión de pasto por parte del animal con nutrientes de calidad (con un alto 
contenido en proteína y azúcares, bajo en fibras y alta digestibilidad). Las praderas 
mixtas juegan, pues, un papel primordial para la competitividad y el futuro de los 
sistemas sostenibles de producción de leche basados en un aprovechamiento eficiente 
de los recursos disponibles en la explotación, principalmente en pastoreo. 
 
Se trata de realizar una adecuada gestión de los alimentos producidos en la 
propia explotación, a través del establecimiento de un apropiado presupuesto 
forrajero, para lograr satisfacer los requerimientos del rebaño vacuno en ordeño en 
cada momento de la lactación y al final convertirlos en leche. El manejo de la pradera 
ejerce un papel clave para controlar la gran estacionalidad de producción y a través de 
él es necesario aprovechar la alta versatilidad que nos ofrece el pasto (González-
Rodríguez et al., 1996). La pradera tras el corte de silo puede ser utilizada en pastoreo 
en primavera y en otoño. Es necesario conocer cómo varía la curva de crecimiento del 
pasto a lo largo de la estación de pastoreo (Villada-Legaspi, 2009) para tener un 
alimento (forraje fresco) en cantidad y de calidad suficiente que se traduzca en una 
producción de leche en cantidad y de calidad. Sólo en los meses en que no hay forraje 
fresco disponible en la explotación se recurre a la suplementación con ensilado y al 
aporte de dosis mínimas de concentrado (French et al., 2007). Las condiciones 
climáticas y edafológicas de cada área en Galicia condicionan la estación de pastoreo y 
la cantidad de hierba disponible (González-Rodríguez et al., 1996). Para un 
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aprovechamiento eficiente del pasto es necesario ajustar los requerimientos nutritivos 
del rebaño lechero a lo largo de la curva de lactación a los niveles de producción 
deseados, aunque no se alcance el máximo potencial productivo del animal. 
 
 A través del manejo del pasto se puede modificar el estado vegetativo y la 
composición morfológica de las praderas en el sentido de incrementar la calidad de la 
ración (Mosquera-Losada y González-Rodríguez, 1995). El pastoreo rotacional de 
praderas mixtas nos permite mantener una alta proporción de leguminosas, con un 
alto contenido en N y una alta digestibilidad de la hierba, sobre todo en la segunda 
mitad de primavera y en otoño, siendo ésta la ración que aporta más nutrientes, de la 
mejor calidad y al menor precio posible (French et al., 2007). Las vacas de alto 
rendimiento lechero pueden mantener altas producciones de leche en pastoreo de 
primavera y son los cambios en la calidad nutritiva del pasto (Holmes, 1980b) los que 
deben determinar los niveles de suplementación a implementar en la ración. 
 
 La calidad de la ración se ve influida por los cambios en sus constituyentes 
químicos (proteína bruta, fibra ácido y neutro detergente, carbohidratos solubles en 
agua, minerales y oligoelementos). Es, por ello, que resulta de interés evaluar las 
variaciones que se producen en los mismos a lo largo de la estación de pastoreo (Van 
Soest, 1965) para suministrarle al animal un alimento de calidad. La digestibilidad de la 
hierba es el parámetro que más influye en la ingestión individual de pasto por el 
animal, lo que condiciona el aprovechamiento eficaz de la hierba en los sistemas 
basados en pastoreo (Thompson y Poppi, 1990). La frecuencia e intensidad de 
defoliación del pasto a lo largo del pastoreo son responsables del aporte de nutrientes 
al animal (Alberda, 1966). Los constituyentes químicos del pasto se ven muy alterados 
debido a cambios estructurales y morfológicos que tienen lugar en la planta entre la 
fase de crecimiento vegetativo y reproductivo (Beever et al., 2000). Estos cambios en 
la digestibilidad están asociados a la proporción de hojas y su posición, ápice con 
respecto a la base, con relación a los tallos y al material senescente presente en los 





















































III.2.- THE DAIRY COW 
III.2.1.- Animal Factors Affecting Milk Performance 
 Potential Milk Yield (MY). There has been great genetic progress in the last 
times with the selection of high MY per cow. Internationally, genetic selection among 
cattle breeders for higher MY has resulted in an average production gains of 1 to 2% 
per year (Dillon et al., 2006). This genetic selection has been generally accompanied 
with an increased proportion of North American Holstein-Friesian genes with high MY 
per cow, lower weight and greater MY response to concentrate supplementation 
(Rauw et al., 1998). Furthermore, genetic selection for increased MY is associated with 
lower milk fat and protein content, higher MY post-calving and at peak and lower 
persistency of lactation compared to animals of lower MY potential. As MY and DM 
intake are closely correlated, selection for high MY should produce cows with higher 
intake potential (Van Arendonk et al., 1991). There are also indications that improving 
DM intake pre-partum has a positive residual effect on DM intake post-partum which 
can lead to improvements in MY. Improving body condition score at calving has 
beneficial effects on post-partum MY. Beneficial effects on reproductive performance 
as a direct result of improving diet pre-calving are difficult to find but BCS at calving 
has been shown to effect conception rates to first service and, therefore, nutrition in 
the pre-calving period should indirectly affect reproductive performance. 
 Journet and Demarquilly (1979) reported average milk responses (MR) from 0.4 
to 0.6 kg of milk per kg of concentrate. However, Peyraud and Delaby (2001) found 
that the MR to concentrate was higher than previously reported research in the 
literature published after 1990, which can be attributed to the increase in genetic 
merit of cows. A greater response to supplementation may be expected in high genetic 
merit (HGM) dairy cows because they partition more nutrients to milk production and 
lose more body weight in early lactation than low genetic merit (LGM) dairy cows 
(Kellaway and Porta, 1993). Stage of lactation influences lactational responses to 
concentrate supplements (Dixon and Stockdale, 1999). In early lactation, cows 
partition more nutrients toward milk production; thus, MR to supplementation may be 
higher than in late lactation, when more nutrients are directed to body weight 
-85- 
 
(Kellaway and Porta, 1993). The MR to concentrate supplementation of grazing cows 
supplemented with 3 kg DM/day concentrate was 0.7, 0.4, 0.5, and 0 kg of milk per kg 
of concentrate when they were between 86 to 114, 115 to 133, 134 to 187, and 188 to 
243 DIM, respectively (O’Brien et al., 1999). Summarizing five experiments with 
supplement DM intake from 0 to 7 kg/day, the marginal MR was 1.3, 1.1, and 0.7 kg of 
milk per kg of supplement in early, mid and late lactation (Stockdale et al., 1987). 
 
 Body Weight (BW). Output from cows is frequently expressed as a measure of 
MY (i.e. volume, weight of solids, energy, etc.) and no references are made to BW 
change. Nevertheless, maintenance requirements are related to cow BW (Jarrige, 
1989), and, thus, total energy demands are related to cow BW.  Cow size, as described 
by BW, has been shown to have a major influence on intake (Stockdale, 2000). It is 
reported that under grazing conditions, daily intakes of herbage are less than 3.0% of 
BW but this may increase to 3.25% of BW in high producing cows (Leaver, 1985). 
Peyraud et al. (1996) stated that PDMI increases by 1.0 to 1.5 kg OM per 100 kg of BW. 
Stakelum and Connolly (1987) reported that for each 100 kg increase in BW daily PDMI 
increased by 2.2 kg. As MY and feed consumption are closely correlated, and the use of 
North American Holstein-Friesian genetics has been widespread all over the world in 
the past 15 years, and dairy cows with higher MY and higher intake potential have 
been produced. Kennedy et al. (2003) reported that HGM cows were heavier and had a 
higher total DM intake (TDMI) (552 kg and 18.3 kg DM/cow/day, respectively) than 
their medium genetic counterparts (548 kg and 17.4 kg DM/cow/day). Kertz et al. 
(1991) also reported that BW loss is greater in multiparous than primiparous cows. 
Mature animals reach their lowest BW between weeks five to seven of lactation, it 
then progressively increases until week eighteen. Primiparous animals, however, reach 
their lowest BW at week four of lactation and remain at that level until week twelve.  
 Muller and Fales (1998) reported that lactation curve of grazing cows declined 
more rapidly in the spring and cows gained less BCS (0.3 gain in BCS) in the 6-month 
study than the benchmark values for confinement feeding. The authors also reported 
that Hoffman et al. (1993) fed grain at rates of 1 kg to 3 kg milk or 1 kg to 4.2 kg milk 
and that these rates did not result in MY differences between the groups. However, 
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BW gains and BCS were lower for cows fed the lower amount of grain. Rook et al. 
(1994) concluded that mean BW was significantly lower at 4.0 cm SH than at 6.0 or 8.0 
cm. Supplementation had no effect on mean BW at 4.0 or 6.0 cm but increased it at 
8.0 cm SH. In a further experiment supplementation also increased mean BW at 8.0 cm 
but not at 6.0 cm. The mean BW change pattern was maintained by cows on the 6.0 
and 8.0 cm swards but those on the 4.0 cm sward suffered substantial BW loss. 
 Fulkerson et al. (2001) compared two genetic merit dairy cows groups (high, 
HGM and medium, MGM) fed three different levels of concentrate feeding on a 
predominantly pasture-based feeding system. The low, medium and high concentrate 
feeding levels were 0.34 t/cow, 0.84 t/cow and 1.7t/cow, respectively. There were no 
significant differences between levels of feeding within level of genetic merit. 
However, dairy heifers on the low concentrate feeding level lost more BW and the 
heifers in the high concentrate feeding level lost the least. There was no significant 
difference in BW losses in the multiparous dairy cows in the post-calving period. 
 Body Condition Score (BCS). BW alone is not a good indicator of body reserves 
as a cow of a given weight could be large and thin or small and fat; additionally BW is 
subject to variations in gut fill. For example, Stockdale (1999) reported that cows that 
lost BCS consistently through spring and summer increased their BW throughout. It has 
been found that as BCS at calving rises, the rate of increase in food intake after calving 
decreases and the delay between peak MY and time of maximum food intake becomes 
greater (Garnsworthy and Jones, 1987). Kellaway and Porta (1993) reported that when 
thin dairy cows were able to take advantage of their increased appetite in early 
lactation by being given access to ad libitum feed of high digestibility, the advantage of 
having dairy cows in good BCS was much less. These authors also established that this 
may be possible with a balanced complete diet but this is very unlikely with grazing 
dairy cows. They found, however, that concentrate supplementation in a grazing 
system had no effect on EB up to 60 days in milk (DIM), yet the inclusion of 
concentrate in the diet did result in greater BCS gain in mid to late lactation. Dairy 
cows selected from within a pasture-based system (New Zealand strain) maintained 
higher BCS throughout lactation. 
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 The need for specific levels of body reserves in dairy systems, where pasture 
and supplements rather than TMR are fed, is not clear, and this is partly because the 
information on the influence of BCS at calving on the milk production system of grazing 
cows is scarce (Stockdale, 2001). Therefore, there is a need to better define this 
relationship for pasture fed cows. The response of animals at different BCS to 
additional feeding, particularly through the use of concentrates, needs to be 
established since most farmers now use supplements to complement pasture in the 
diet of early lactation cows. Gibb et al. (1992) assessed body tissue changes, by serial 
slaughter procedures, in 54 multiparous cows offered grass silage ad libitum plus 3, 6 
or 9 kg of concentrates. Mean BW at calving was 606 kg and by lactation week 8 this 
had declined to 563 kg in those cows remaining. Body fat loss accounted for over 0.85 
of the combined loss of body fat and protein. Following calving, both the 6 and 9 kg 
groups had similar rates of body fat loss which were greater than those in the 3 kg 
group. However, body fat repletion recommenced on the 6 and 9 kg diets in lactation 
week 8, while body fat loss continued on the 3 kg diet for a further 3 weeks. Maximum 
fat loss on any one diet was 42 kg and body protein loss over the same period was only 
8.7 kg. However, over the first 8 weeks of lactation cows on average increased the net 
weights of liver and gut tissues by over 0.5 of the immediate post-calving weights, and 
the largest increases were observed in the tissues of the stomach and the intestines. 
With this demand for extra protein to support tissue hypertrophy at a time when total 
dietary intake is limiting, it is not surprising that the cow is unwilling to sacrifice a net 
loss of body protein and this may provide a partial explanation for why milk protein 
content declines during this stage of the lactation cycle (DePeters and Cant, 1992).  
 Stage of Lactation. In seasonal calving dairy systems the effects of stage of 
lactation are usually confounded with those of season, i. e. the effects of variation in 
photoperiod, climate and weather (Knapp and Grummer, 1990; Davison et al., 1996; 
Aharoni et al., 1999), and variations in the supply and nutritive characteristics of 
herbage (Papalois et al., 1996; Auldist et al., 1998). Stage of lactation of a dairy cow, 
when considered separately from the effects of nutrition and/or season, significantly 
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affects both MY and milk composition through the effect of significant changes in the 
cow’s physiological state (Butler, 2000; Holmes et al., 2002). 
 Several experiments have studied the lactation curves of dairy cows (Tekerli et 
al., 2000; Holmes et al., 2002; Horan et al., 2005). Typical lactation curves of spring 
calving dairy cows show a peak or maximum daily yield occurring at 4 to 8 weeks post-
calving, followed by a daily decrease in MY until the cow is dried-off, or production is 
naturally terminated (Keown et al., 1986). Additionally, Olori et al. (1997) reported 
that decline in daily yield, due to pregnancy, began from the first month of gestation.  
 Peak MY and the associated peak in the cow’s energy requirements occur 
before the potential for maximum DM intake is reached so that cows in early lactation 
experience a period of negative energy balance (Butler, 2000). The extent and duration 
of this period depends upon the genetic merit of the cow (Westwood et al., 2000), the 
BCS of cows at calving, and nutrition post-calving (Stockdale, 2004). Where nutritional 
and/or seasonal effects are minimised, milk production and/or seasonal effects are 
minimised, milk production usually peaks 35-45 days post-partum and declines after 
about 60 days post-partum (Figure 9) (Thomas and Rook, 1983; Butler, 2000; Holmes 
et al., 2002). However, the shape of the lactation curve and the rate of decline in milk 
production can be changed considerably by varying the cow’s energy intake. 
 The concentration of fat and protein in milk declines after calving, reaching its 
nadir when cows are 40-60 days post-partum (Figure III.2.1.). This decline is due to 
dilution as MY increases with increasing production of lactose by the mammary gland, 
and milk fat and protein production tends to peak at the same time as MY (Thomas, 
1983; Holmes et al., 2002). Beyond 40-60 days post-partum, the concentration of fat 
and protein in milk increases until the end of lactation, although milk fat and protein 
yield declines over the same period (Butler, 2000; Holmes et al., 2002). 
 There appears to be no effect of stage of lactation on the responsiveness of 
milk fat concentration to nutrition (Stockdale et al., 1987; Coulon and Rémond, 1991). 
Nevertheless, stage of lactation can affect milk fat composition as a result of the large 
variation in the dairy cow’s energy balance. The responsiveness of milk protein 
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concentration to level of energy intake varies with stage of lactation. Based on 66 
experiments, Coulon and Rémond (1991) found that the change in milk protein 
concentration with increases in the intake of ME was larger when dairy cows were in 
mid- to late lactation than when in early lactation (0.05 vs. 0.03 g protein/kg for every 
MJ ME). Although these studies utilised TMR, Wales et al. (2001) reported that 
responses in milk protein concentration to increasing ME intake by dairy cows grazing 
pastures in northern Victoria were also lower for cows in early lactation. However, in 
this study, stage of lactation was confounded with seasonal variations in pasture 
nutritive characteristics. 
 
Figure III.2.1. Idealised relationship between yields of milk fat, protein and lactose, and 
their concentrations in milk over a lactation of 310 days (Holmes et al., 2002). 
 Changes in the rates of synthesis of both the casein and whey proteins by 
mammary secretory cells do not vary significantly with stage of lactation so that, with 
the exception of very late lactation, the ratio of casein to whey does not vary 
significantly with stage of lactation (Kefford et al., 1995; Rowney and Christian, 1996; 
Auldist et al., 1998; Coulon et al., 1998). Kefford et al. (1995) reported, however, an 
interaction between the effects of stage of lactation and of nutrition on milk protein 
composition and on the cheddar cheese-making properties of milk. In this study, cows 
in mid- or late lactation were offered 1 of 2 diets consisting of hay, silage and cereal 
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grain (high quality diet) or hay, silage and straw (low quality diet). DM intakes for the 
high and low quality diets were 14.7 and 11.3 kg/cow/day, respectively. The low 
quality diet resulted in milk with a lower ratio of casein to whey for cows in late 
lactation, but not for cows in mid-lactation. There was no effect of stage of lactation 
on the ratio of casein to whey in milk from cows fed the high quality diet.  
 Parity. The milk production of a herd is affected by its lactation number profile. 
Several authors have investigated the effect of parity on MY (Ray et al., 1992; Peyraud 
et al., 1996; Tekerli et al., 2000; Horan et al., 2005). Upon examination of total 
lactation MY, Ray et al. (1992) found that first parity dairy cows yielded 92% of the 
total MY of second lactation cows. Third lactation cows had a MY 5% higher than that 
of the second lactation cows while there was no difference in cows greater than fourth 
parity. Peyraud et al. (1996) also confirmed that multiparous cows had a higher MY 
and DM intake than their primiparous cows (+6.3 and 3.2 kg/day, respectively). Tekerli 
et al. (2000) reported lower peak and total lactation MY for first lactation cows but 
higher persistency. This indicates that the secretory tissue in primiparous cows takes 
longer to reach its peak activity than in multiparous cows (Rao and Sundaresan, 1979).  
 Fertility. Reproductive function can be influenced by more than simply a 
deficiency of nutrients (Staples et al., 1992). Recommendations for high producing 
cows during the first 12 weeks of lactation for CP content in the diet are 17-18% of the 
DM (NRC, 1989). Ferguson and Chalupa (1989) reported that fertility was reduced in 
mature cows (fourth or greater lactation) consuming diets high in CP (19 vs. 16%). 
However, first lactation cows increased conception rates (65 vs. 36%) when fed diets of 
16% CP. But not only conception rate was observed to be affected by feeding high 
levels of CP, the excess of N in the rumen will be absorbed and transformed into urea 
in the liver. This will induce an increase of urea in blood (BUN) and milk (MUN), which 
may result in energy wastage and ammonia toxicity. Visek (1984) observed that urea 
concentrations in uterine secretions may be harmful to spermatozoa. 
 Energy status and age of the animal are other important factors affecting 
fertility. Cows in negative energy balance may be the most susceptible to reproductive 
problems (Staples et al., 1992). These considerations suggest that grazing may create 
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reproductive problems in high producing dairy cows. However, a study conducted by 
Washburn and White (1997) contradict this assumption. Data of four seasonal sets of 
cows suggests that neither first service conception rate (51 vs. 50%) nor overall 
conception rate (all services) differ between confinements and pasture groups, 
respectively. Pregnancy rates for 75-day breeding windows were 60% for Holsteins in 
pasture and 56% in confinement. It can be concluded that the management system 
had little effect on measures of reproductive efficiency. Delaby et al. (2009) reported 
that reproduction performance shows little variation in relation to feeding strategies.  
III.2.2.- Energy Balance and Rumen Function 
 Energy Balance (EB). In the context of the post-partum dairy cow, EB is defined 
as the difference between the requirement of energy for body maintenance, tissue 
growth and milk production (energy required) and the intake of utilisable energy 
(energy ingested). Dairy cattle undergo an energy deficit in early lactation because 
maximum milk production is attained prior to maximum feed consumption (Bauman 
and Currie, 1980) due to increases in appetite and in absorptive capacity of the 
digestive tract usually occur more slowly than the increase in MY. Hence, a shortfall in 
nutrients is faced in early lactation and has to be met by the use of reserves of adipose 
tissue lipids, proteins and skeletal muscle and minerals from bone.  
 It is established that animals in early lactation have higher energy requirements 
than can be supported by dietary intake and are in negative EB (Canfield and Butler, 
1990). High producing cows experience a variable period of negative EB during early 
lactation that is characterised by the loss of BW and the mobilisation of body tissue 
reserves (Beam and Butler, 1999). Cows may experience this negative EB for first 12 
weeks of lactation (Bauman and Currie, 1980; Butler et al., 1981). The ability to achieve 
concurrent reciprocal adaptations in the metabolic activity of different tissues is a 
major factor in the efficient nutrient partitioning and is based on a hierarchy of 
nutrient utilization, known as homeorhesis (Bauman and Currie, 1980). Within their 
ranking, reproduction ranks below maintenance, production and growth, suggesting 
that reproduction is under severe metabolic pressure at this time after calving. 
Reproduction seems to be affected by both the acute and the sub-acute nutrient 
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deficiencies, induced by the rising demand for the nutrients and metabolites, which is 
rapid to be compensated for by the bodies’ homeostatic mechanisms (Britt, 1994).  
 According to Villa-Godoy et al. (1988), at least 80% of dairy cows experience 
negative EB in early lactation. Hernández-Urdaneta et al. (1976) showed that to 
maximize energy intake in early lactation, the forage to concentrate ratio needs to be 
reduced, thereby, reducing the negative EB. Holter et al. (1990) reported that body fat 
balance was strongly negative in groups of both fat and thin cows in the first few 
weeks post-calving. This was especially true for the fat cows at 6 weeks post-calving, 
which also had peak MY at this stage. Apparently in this study the group with the 
fattest reserves mobilized most body reserves for milk synthesis. According to Jarrige 
(1989), cows with a peak MY of 30 to 35 kg/day can tolerate an average energy deficit 
of 2.5 UFL/day over the first 7 to 8 weeks of lactation with most of this occurring in the 
first 3 to 5 weeks. This trend is similar to that found by Sutter and Beever (2000) for 
animals offered a hay based diet where EB declined from a maximum of 63.8 MJ of 
metabolic energy (ME)/day in the first week of lactation to 20.7 MJ of ME/day in week 
8 of lactation. Butler et al. (1981) found that cows reached positive balance by day 80 
post-calving on average. Villa-Godoy et al. (1988) stated that greater than 50 days 
post-calving would be required for cows to reach positive EB. 
 Several authors (Butler et al., 1981; Butler and Smith, 1989; Staples et al., 1990; 
Zurek et al., 1995; Beam and Butler, 1997; Beam and Butler, 1998) have demonstrated 
that the extent and the duration of negative EB after calving are the most important 
indicators determining when a cow will resume normal ovarian activity. It is known 
that negative EB affects the timing of first ovulation and the resumption of normal 
ovarian cyclicity, and the negative EB after calving has also been shown to be critical 
for the expression of oestrus behaviour (Schopper and Claus, 1986).  
 Two important factors have been linked to the number of days between 
calving and normal ovarian activity of healthy dairy cows: amount of nutrients 
delivered for the dairy cows’ metabolism (body tissue metabolism and DM intake) and 
quantity of milk produced (Marion et al., 1968; Whitmore et al., 1974). Attempts have 
been made to link the interval between calving and first ovulation to metabolic status. 
-93- 
 
A significant, positive relationship has been observed (Butler et al., 1981) between EB 
over the first weeks post-partum and the interval to first observation oestrus while at 
the same time others were unable to relate mean negative EB with duration of post-
partum aneostrus. In several studies conducted by different authors (Butler et al., 
1981; Canfield et al., 1990; Canfield and Butler, 1991), it has been reported that first 
ovulation occurred 10, 14 and 14 days after daily EB nadir, respectively. At ovulation, 
EB was still negative but in all cases was decreasing.  
 Rumen Acclimatisation. The rumen is a dynamic ecosystem, which needs time 
to adjust to the changes in the level and composition of the diet that occur at calving. 
Simple and complex carbohydrates are digested by rumen microbes and converted 
into volatile fatty acids (VFA). These VFA, which consist mainly of acetic, propionic and 
butyric acids, are the primary energy source for ruminants (Figure III.2.2.). When large 
amounts of forage are fed, the formation of acetic acid predominates (60-70% of total) 
with lesser amounts of propionic (15-20%) and butyric (5-15%) acids occurring. In this 
case, the supply of acetate may be adequate to maximize milk fat production, but the 
amount of propionate produced in the rumen may limit the amount of milk produced 
because of limited supply of glucose (especially in early lactation). However, when 
grain feeding is increased or when finely ground forages are fed, the proportion of 
acetic acid may decrease to 40%, while the amount of propionic acid may increase to 
40%. Such a change in VFA production generally is associated with a reduction in milk 
fat. In addition, excess propionate relative to acetate makes the cow use the available 
energy for fatty tissue deposition (BW gain) rather than milk synthesis. Thus, excess 
concentrates in the ration may lead to fat cows. Continued feeding of this type of 
ration may have a detrimental effect on the health of the cow, which is more likely to 
have a difficult calving and to develop fatty liver or ketosis. On the other hand, not 
enough concentrate in the ration limits energy intake, MY and milk protein production. 
 The benefit of adding concentrate to the pre-partum diet is to adapt the 
ruminal tissues and the ruminal microbial population to the type of diet that will be fed 
after calving (Goff and Horst, 1997). Concentrate feeding increases the length of the 
ruminal papillae, which are the structures that absorb the VFA produced from ruminal 
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fermentation. Thus, increasing pre-partum energy intake, by increasing the intake of 
fermentable carbohydrate may provide benefits beyond the addition of energy. A 
reduction in the length of the rumen papillae reduces the absorptive capacity of the 
VFA in the rumen mucosa by a 50% in the dry non-lactating period. Dirksen et al. 
(1985) stated that cows that are fed high energy diets pre-calving have a more adapted 
mucosa for higher intake of concentrates post-calving and better absorption of VFA. 
 Research has shown that rumen papillae elongate in the presence of increased 
concentrations of VFA (Dirksen et al., 1985), thereby, increasing the absorptive 
capacity of the rumen. The VFA, as propionic and butyric, produced in the rumen 
during bacterial decomposition are responsible for the development of ruminal 
mucosa in calves and for the structure of the mucosa in older animals (Brownlee, 1956; 
Sander et al., 1959; Sakata and Tamate, 1978; Sakata and Tamate, 1979). Development 
of the ruminal papillae is essential to minimize ruminal VFA accumulation, reduction in 
ruminal pH, and the likelihood of acidosis when high concentrate lactation diets are 
introduced post-partum. The normal pH range in the rumen of adult cattle is between 
5.5 and 7. This may drop to 5 or less after the animal has consumed feed high in 
fermentable carbohydrates, which may expose the animal to sub-clinical acidosis. 
 
Figure III.2.2. Effect of diet composition on ruminal volatile fatty acids and milk 
production of dairy cows (Wattiaux, 1998). 
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 Development of ruminal papillae takes 4 to 6 weeks according to Dirksen et al. 
(1985). Therefore, concentrate must be increased during the pre-partum period to 
benefit the cow post-partum. The ruminal papillae reach their maximum size 6 to 8 
weeks after parturition. However, by introducing a high energy diet low in fibre and 
high in fermentable carbohydrates even 2 weeks prior to calving resulted in maximal 
papillae size being reached 3 to 4 weeks after calving (Mayer et al., 1986).  The ruminal 
mucosa, therefore, must be considered a metabolic organ functioning between the 
content of the rumen and the bloodstream (Dirksen et al., 1985). 
 The freshly calved cow if abruptly switched to a high energy lactation diet is at 
risk of developing rumen acidosis because the rumen bacteria producing lactate 
respond rapidly to the higher starch diets and produce high amounts of lactate. The 
bacterial population that metabolizes lactate responds slowly to a change in diet, 
requiring 3 to 4 weeks to reach levels that effectively prevent lactate from 
accumulating in the rumen (Goff and Horst, 1997). The acidity of lactate is 10 times 
stronger than that of propionate, acetate or butyrate so its presence has a greater 
effect on rumen pH than VFA. Lactate and VFA are only absorbed in the free acid state 
by the rumen epithelium. Because lactate is more acidic than VFA, lactate is absorbed 
more slowly from the rumen. Poorly developed rumen epithelia of the un-adapted cow 
are not able to absorb the lactate and VFA quickly enough to prevent the build up of 
organic acids within the rumen. This causes rumen pH to fall to the point at which the 
protozoa and many of the bacteria are killed or are inactive (Goff and Horst, 1997). 
 Rumen Fermentation Patterns. Cows grazing good quality, young, lush pastures 
(with high contents of CP, which is rapidly degraded in the rumen) contain higher 
rumen concentrations of the total ammonia N (NH3 N) than cows fed a typical TMR 
diet. Data reported by Beever (1993) revealed that of the NH3 N produced in the 
rumen, only 30% was incorporated into microbial N and much of the remainder was 
absorbed across the rumen wall. Ammonia absorbed will be converted into urea by the 
liver, a conversion that costs the animal about 12 kcal/g of N (Van Soest, 1994b). Most 
rumen microbes depend on carbohydrates as sources of energy (Hoover and Stokes, 
1991). Thus, under a grazing situation, adding fermentable carbohydrates should 
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promote the microbial utilization of excess ammonia. Furthermore, synchronization of 
carbohydrate and protein degradation in the rumen should improve NH3 N utilization. 
Therefore, different amounts and/or types of energy sources will have different effects 
in rumen fermentation patterns.  
 Diurnal variations of rumen pH, total VFA and NH3 N concentrations have 
been barely studied. Van Vuuren et al. (1986) studied the influence of level and 
composition of concentrate supplements on rumen fermentation patterns of six 
rumen cannulated Dutch-Friesian lactating dairy cows. Cows grazed pastures based on 
80 to 90% perennial ryegrass and were supplemented either with a high starch or a 
low starch diet (25.8 or 1.5% DM of starch) in two different amounts (7 or 1 kg/day), 
given in two equal portions at milking (06.00 and 16.00 h). No difference was found in 
rumen pH between treatments, except for the 08.00 h samples, which were lowest for 
cows supplemented with 7 kg of the high starch concentrate. The lowest pH occurred 
at 24.00 h, after the p.m. milking, when it varied from 6.2 to 5.2. Total VFA and NH3 N 
concentrations had an inverse pattern compared to rumen pH. Maximum 
concentrations were at 24.00 h for all treatments. Van Vuuren et al. (1986) speculated 
that this could have been due to a higher PDMI during late afternoon and early 
evening, and due to the higher sugar concentrations in the herbage DM at that 
particular time of the day. Total VFA were not different among treatments; however, 
NH3 N and iso-acid concentrations were higher on cows supplemented with 1 kg of 
concentrate. In the same study the effects of feeding concentrates was less 
pronounced and, therefore, amount and composition of concentrate mixtures 
apparently did not influence patterns of VFA concentration and pH value (Van Vuuren 
et al., 1986). In another study, Berzaghi et al. (1996) compared rumen patterns of 
lactating grazing Holstein cows either supplemented with 5.4 kg of corn or not 
supplemented. No difference was observed in rumen pH between supplemented and 
unsupplemented cows. However, total VFA concentrations and propionate as a % of 
total VFA tended to be higher in cows supplemented with 5.4 kg of corn, leading to 




III.2.3.- Milk Quality  
 Milk and dairy products are important components of western diets. The 
composition of raw bovine milk determines the nutritional value and the technological 
properties of milk and dairy products and it also conditions the farmers’ milk price. 
Therefore, the composition of milk is of great importance for the milk producers and 
the dairy industry. Milk of many species is consumed by humans (i.e. goat, sheep, cows 
and buffalo) but bovine milk is economically the most important. Milk composition 
varies with breed, health status, lactation stage and parity of the animal. Furthermore, 
milk composition depends on feeding practices and genetic characteristics of the 
animal (Fox and McSweeney, 1998). New findings also highlighted the importance of 
considering seasonal variation in milk composition across the year (Heck et al., 2009). 
In the last decades, significant progresses were made in order to improve MY and 
composition of bovine milk, mainly in relation to milk protein content and milk fatty 
acids (FA) profile, in the EU by both breeding and feeding practices.  
III.2.3.1.- Milk Chemical Composition 
 Milk is mainly considered a product of the mammary gland secretion, and it is a 
complex and nutritious fluid that contains five main components such as water, lipids, 
proteins, sugars and minerals (Ling et al., 1961; Jenness, 1974). Milk is defined as an 
emulsion of fat globules and a suspension of casein micelles (casein, Ca and P), all 
suspended in an aqueous phase which contains solubilized lactose, whey proteins, and 
some minerals. It also contains immunoglobulins, hormones, growth factors, cytokines, 
nucleotides, peptides, polyamines, enzymes and other bioactive peptides with 
potential antithypertensive, antithrombotic, and antimicrobial activities (Park et al., 
2007). The casein micelles and the fat globules gave milk most of its physical 
characteristics, and gave taste and flavor to dairy products such as butter, cheese, 
yogurt, etc. The main role of milk is to provide nourishment and protection for the 
mammalian young cattle. However, milk is also highlighted as an important food 
source for humans (Jenness, 1974). Milk is a highly perishable product that should be 
cooled to about 4ºC as soon as possible after collection. Extremes of temperature, 
acidity or contamination by microorganisms can rapidly decrease its quality. 
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  Water. Cow milk is about 88% water and the amount of water in milk is 
regulated by the amount of lactose synthesized by the secretory cells of the mammary 
gland. The water that goes into the milk is delivered to the mammary gland by the 
blood. The addition of water to milk can be detected by different methods. These 
methods are based on changes in freezing point of the milk or on changes on 
refraction of light of the whey component of milk after precipitation and removal of 
casein and milk fat (Mabrook and Petti, 2003).   
 Milk fat. Fat is the major source of energy in milk and it is generally used by the 
mammalian newborn for accumulating body adipose tissue. Fat in milk is present as fat 
globules ranging from 0.1 to 15 µm in diameter. A thin membrane whose properties 
are different from both milk fat and plasma covers these fat globules or droplets. The 
fat globule membrane helps to stabilize the fat globules in an emulsion within the 
aqueous environment of the milk. Milk fat plays an important role in the structure, 
mouth feel, flavor and stability of milk, butter, dairy products and a host of foods in 
which milk or milk components are added as functional ingredients. Certain of these 
functional properties have made butterfat a desirable ingredient in processing and 
food formulations. For example, butterfat is an essential component in the structure 
and texture of ice-cream and pastries (Pomeranz, 1985). Nevertheless, many of the 
properties of milk fat are less than optimal for food uses (O’Donnell, 1989). 
 Milk fat is the most variable component in bovine milk in both their 
concentration and chemical composition, whether inter- or intra-species differences 
are considered (Gibson, 1989). Milk lipid composition is influenced by environmental 
and physiological factors, including age, stage of lactation, gestation length and diet. 
Some intra-species differences reflect inherited variation (Jenness, 1974). Milk lipids 
belong to various lipid classes, but triacylglycerides account for 97-98% of lipid in milk 
(Iverson and Oftedal, 1995). Other lipids classes include di- and mono-acyglycerols, 
phospholipids, free cholesterol, cholesterol esters and fatty acids (Garton, 1963). 
Normally, fat makes up from 35 to 60 g/kg of milk, varying between breeds and with 
feeding practices. A ration too rich in concentrates that do not elicit rumination in the 
cow may result in milk with a depressed percentage of milk fat (20 to 25 g/kg).  
-99- 
 
 Milk protein. It consists for a large part (± 90%) of the six main milk proteins α-
lactalbumin (α-LA), β-lactoglobulin (β-LG), caseins (αS1-CN, αS2-CN, -CN, and -CN). 
The other part of the protein fraction (± 10%) consists of minor proteins like bovine 
serum albumin, γ-caseins, proteose peptones, immunoglobulins, lactoferrine, 
lactoperoxidase, and a large number of other proteins that occur in very low 
concentrations (Farrell et al., 2004). The concentration of protein in milk of dairy cows 
varies from 30 to 40 g/kg. This amount varies with the breed of the cow and in 
proportion to the amount of fat in the milk. There is a close relationship between the 
amount of fat and the amount of protein in milk “the higher the fat, the higher the 
protein”. The protein falls into two major groups (Jenness, 1979), based on their 
behavior at pH 4.6: caseins (80%) and whey proteins (20%). The caseins are the 
proteins that precipitate and the whey proteins are the proteins that remain soluble at 
this pH. Historically, this classification followed the process of cheese making, which 
consists of separating the casein curd from the whey after the milk has clotted under 
the action of rennin or rennet (a digestive enzyme collected from the stomach of 
calves). The behavior of the different types of caseins in milk when treated with heat, 
different pH (acidity) and different salt concentrations provide the characteristics of 
cheeses, fermented milk products and different forms of milk (condensed, dried, etc.). 
Occasionally, infants or young children are allergic to milk because their bodies 
develop a reaction to the proteins in the milk. The allergy causes rash, asthma, and/or 
gastrointestinal disorders (colic, diarrhea, etc.). In cases of allergies, goat milk is often 
used as a substitute; however, sometimes hydrolyzed casein milks must be used. 
 Most of the caseins in milk exist in colloidal particles called casein micelles. In 
milk of most mammalian species, there are 3-4 caseins; the different caseins are 
distinct molecules but are similar in structure.  Casein is composed of several similar 
proteins, which form a multi-molecular granular structure called a casein micelle. The 
main function of the micelle is thought to be the supply large amount of insoluble 
calcium phosphate to the mammalian young but its properties have also a major 
influence on the technological properties of the milk. The micellar structure of milk 
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casein is an important part in the mode of milk digestion in the stomach and the basis 
of many of the milk products industries such as cheese.  
 Immunoglobulins. They are one of the calf’s principal defenses against 
infectious organisms (viruses, bacteria, etc.). Concentrations of immunoglobulins are 
especially high in the colostrum, the milk produced immediately at the onset of 
lactation. Immunoglobulins are not produced in the mammary tissue but they are 
transferred directly from the blood serum into the milk. The calf can best adsorb the 
immunoglobulins immediately after birth, with the ability to absorb decreasing to near 
zero by 36 hours of age. This is because, in the first 12 hours of life, the calf does not 
produce appreciable amounts of hydrochloric acid in its stomach so the 
immunoglobulins are not damaged. Colostrum should be given to the calf as soon after 
birth as possible. This wills at least double the young calf’s chances of survival. 
Colostral immunoglobulins are stable in the calf’s bloodstream for 60 days, providing 
protection until its own immune system is functional. Not only is colostrum of vital 
importance to the newborn calf, it also has no commercial value as it is not acceptable 
for commercial milk collection for human consumption. So, the milk from a cow that 
has freshly calved must not be included in the milk for sale for three to four days.  
 Lactose. The principal carbohydrate in milk is lactose (disaccharide composed 
of D-glucose and D-galactose). In addition to lactose there are a great variety of 
saccharides in milk (Jenness et al., 1964; Urashima et al., 2001). The concentration of 
lactose in milk is relatively constant and averages about 5% (4.8-5.2%) (Johnson, 1978). 
As opposed to the concentration of fat in milk, lactose concentration is similar in all 
dairy breeds and cannot be altered easily by feeding practices. Lactose plays a major 
role in milk synthesis (Kuhn et al., 1980). Because of the close relationship between 
lactose synthesis and the amount of water drawn into milk, lactose is the least variable 
component of milk. In a significant portion of the human population, the deficiency of 
the enzyme lactase in the digestive tract results in the inability to digest lactose 
(Malagelada, 1995). Most individuals with low lactase activity develop symptoms of 
intolerance to large doses of lactose, but the majority can consume moderate amounts 
of milk without discomfort (Johnson et al., 1993). Not all dairy products contain similar 
proportions of lactose. The fermentation of lactose during processing lowers its 
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concentration in yogurts and cheeses. Milk pre-treated with lactase, which minimizes 
the problems associated with lactose intolerance, is now available. 
 Vitamins and Minerals. Milk contains all the major vitamins. The fat-soluble 
vitamins A, D, E, and K are found mainly in the milk fat. The B vitamins are also found 
in the aqueous phase of milk. Milk in some countries such as Canada and USA is being 
fortified with vitamin D (Calvo et al., 2004) and vitamin A is also added to fat reduced 
milk products.  Milk is an excellent source of most minerals required for the growth of 
the young cattle. Furthermore, all minerals considered essential (22) to the human diet 
are present in milk. There are a great variety of minerals in milk present in a variety of 
chemical forms. The major cations are sodium (Na), potassium (K), calcium (Ca) and 
magnesium (Mg) and the major anions are phosphorus (P) as phosphate, chloride (Cl) 
and citrate (Jenness, 1974; Peaker, 1977; Gaucheron, 2005). The digestibility of Ca and 
P are unusually high, in part because they are found in association with the casein of 
the milk (Walstra and Jenness, 1984; Holt, 1997). As a result, milk is the best source of 
Ca for skeletal growth in the young (Black et al., 2002) and maintenance of bone 
integrity in adults. Another mineral of interest in the milk is iron (Fe). The low Fe 
concentration in milk cannot meet the needs of the young, but this low level turns out 
to have a positive aspect because it limits bacterial growth in milk-Fe and it is 
considered essential for the growth of many bacteria (Bullen et al., 1972). 
 Cells in Milk. The somatic cell count (SCC) in milk does not affect the nutritional 
quality per se. They are only significant as indicators of other processes that may be 
taking place in the mammary tissue including inflammation. When SC are present at 
rates of over half a million per milliliter, there is reason to suspect mastitis. This is an 
inflammation of the mammary gland caused by mastitis-causing organisms and rarely 
physical or chemical trauma, characterized by pathological changes in the mammary 
tissue; an increased number of SC, physical, chemical and microbiological changes in 
milk. In dairy cattle, both clinical and sub-clinical mastitis can affect the composition 
and manufacturing properties of milk (Auldist and Hubble, 1998; Pyorola, 2003).  
 The reductions in milk production probably are largely due to physical damage 
to the epithelial cells of the affected mammary gland and a reduction in the synthetic 
and secretory capacity of the gland as a whole. Shuster et al. (1991) hypothesized that 
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part of the decrease of the milk production is due to increased demand for energy of 
the immune system against the infection, decreased appetite associated with any 
inflammation and lowered food intake due to pain and decreased movements. 
Holdaway (1990), Auldist et al. (1995) and Auldist and Hubble (1998) reported that 
there is an increase in proteins of blood serum origin during mastitis and this is due to 
a disruption to the integrity of the mammary epithelia by microbial toxins and opening 
of the tight junctions. Auldist and Hubble (1998) also reported that the decrease in 
casein concentrations during mastitis is largely due to post-secretory degradation of 
casein by proteinases originating from mastitis-causing organisms, leucocytes or the 
blood and in part to a reduction in the synthesis and secretion of casein as a result of 
physical damage to the mammary epithelial cells by microbial toxins during mastitis. 
 Pathogenic Bacteria. During the milking process, presence of mastitis in the 
udder of dairy cows can cause the pathogenic bacteria in the milk. Bacteria present on 
the outside skin of the udders and unhygienic milking practices which allow the milk to 
come in contact with contaminants like feces may also cause pathogenic bacteria in 
the milk. Studies on the pathogenesis and epidemiology of a number of these 
pathogens have been published by some authors (Barkema et al., 1998; Sears and 
Wilson, 2003) and showed a difference between pathogens in pathogenesis, 
epidemiology and clinical presentation. Some of the most important pathogenic 
bacteria in milk are: Escherichia coli or coliform bacteria, Staphylococcus aureus, 
Salmonella, Listeria monocytogenes, Campylobacter jejuni and Yersinia enterocolitica. 
 Milk Prices in Response to Milk Chemical Composition. The need of producing 
high quality milk from sustainable pasture-based milk production systems is 
unquestionable, not only from the sanitary point of view but also from the economic 
aspect related to milk prices due to its direct relationship with the yield and quality of 
the final product. Table III.2.3.1. shows that the bigger Galician milk delivers had the 
highest total milk price, with the highest base milk price and total milk premiums. The 
fat and protein content in milk when is higher than 3.7% and 3.1%, respectively is paid 
as a milk quality premium. Bacteriology and SCC are other relevant parameters that 
influence positively milk quality premium when they are lower than 100,000 bacteria 
and 400,000 SC, respectively. Despite milk quality is an important factor that might be 
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taken into account when milk price is established, its relevance on the total milk 
premium is lower than other milk premiums such as quantity of milk delivered by 
farmers to the dairy industry. In fact, according to the data presented in the table 
below milk quality premium only represented approximately 0.34 € cents in the total 
milk price perceived by Galician milk delivers in 2009 while other milk premiums as 
quantity of milk delivered represented about 4-10 times this value, being three times 
higher for the biggest milk delivers than for the lowest milk producers.   
  
Table III.2.3.1. Milk price (€/100kg) and premiums got by farmers at Galicia in 2009.  
Milk Quota (kg per year) 72,001-240,000 240,001-500,000 240,001-500,000 
Total milk price  26.73 28.86 30.30 
Base milk price  25.17 26.39 26.97 
Total milk premiums 1.57 2.47 3.33 
Milk fat 0.21 0.15 0.01 
Milk protein 0.04 0.21 0.26 
Bacteriology 0.06 0.07 0.05 
Somatic Cells -0.04 -0.05 0.04 




 Other relevant parameter that nowadays is being taken into consideration in 
order to improve milk quality is the absence of inhibitors in milk. Milk should not 
contain antibiotic residues at all. Manufacturers buying milk from milk producers 
impose stringent financial penalties on dairy farmers producing contaminated milk and 
have procedures to exclude this milk from the food chain.  Despite legislation and 
financial penalties, there is evidence to suggest that residues occasionally still cause 
problems. Antibiotics gain entry to milk because of mastitis treatment; the antibiotics 
that are commonly used in veterinary medicine to control mastitis belong to six major 
groups: aminoglycosides, penicillins and cephalosporins, macrolides, quinolones and 
fluroquinolones, sulphonamides and tetracyclines.  
 
III.2.3.2.- The Fatty Acids Profile 
 Milk has been known as “mother nature’s most perfect food” for decades, if not 
for centuries (Palmquist, 2010). This attribution is due to it being the only food that 
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alone is able to sustain life and growth of mammals. Despite its qualities as a food for 
humans, milk has come under increasingly negative pressure in last times by activists 
groups and people who often wrongly describe milk as “food for calves only”. It was 
probably Booth et al. (1935) who for the first time established the presence of 
conjugated fatty acids (FA) in milk fat. They reported that when cows were turned out 
to pasture after winter, the FA of milk fat showed greatly increased absorption in the 
ultraviolet region at 230 nm. Moore (1939) concluded that absorption at 230 nm was 
the result of two conjugated double bonds. Hilditch and Jasperson (1941, 1945) 
suggested that conjugated unsaturation occurred with polyunsaturated FA of 18C 
chains. Bartlett and Chapman (1961) found a constant relationship between trans-C 
and conjugated unsaturation in a large C18:1 number of butter samples as determined 
by differential infrared spectroscopy, which prompted them to suggest a sequence of 
reactions that would help explain the biohydrogenation of conjugated linoleic acid 
(CLA) in the rumen. Riel (1963) showed a 2-fold increase in milk fat conjugated dienes 
during summer when cows were grazing on pasture compared with winter when cows 
were fed TMR. Parodi (1977) determined that the conjugated double bonds were cis-9 
and trans-11 of C. Conjugation at other positions was found C18:2 later. 
 Jensen (2002) has catalogued approximately 400 different FA in milk fat; most 
of these are products of ruminal microbial modification of dietary FA. The FA of 
ruminant milk have a dual origin (Palmquist, 2006). Those of chain length C4:0 to C14:0 
are derived from de novo synthesis in the mammary gland, whereas those of C18:0 
and longer are derived from the diet. The FA of greatest proportion, C16:0, arises from 
both sources; the relative amounts from each source can be influenced by the diet. 
 While milk is widely recognized as a valuable natural food source of beneficial 
amino acids and bioactive peptides with potential antithypertensive, antithrombotic 
and antimicrobial activities (Park et al., 2007), the role of fats in milk is often not well 
understood (Elwood et al., 2008; Lock et al., 2008). Milk has been criticized in the past 
for its high content of saturated fats, which are damaging to human health. Thus, it is 
not surprising that milk fat, containing about 70% of the fatty acids (FA) as saturated 
(SFA), 25% as monounsaturated (MUFA) and 5% as polyunsaturated (PUFA) 
(Grummer, 1991), has been perceived for long-time to be detrimental to humans’ 
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health (Lock et al., 2008). Nevertheless, it is worth noting that probably only some of 
these SFA such as C12:0, C14:0 and C16:0 would be considered as cholesterol-raising 
saturates, while other SFA contained in milk such as C4:0, C6:0, C8:0, C10:0 and C18:0 
might suppose no risk of cardiovascular disease (Lock et al., 2008; Parodi, 2009). Ashes 
et al. (1992) reported that feeding encapsulated canola seeds (60% oleic acid) 
significantly reduced the proportions of lauric, myristic and palmitic acid in milk fat 
while increasing oleic acid. The resulting fat-modified milk contained 51% of SFA, 39% 
of MUFA and 10% of PUFA. When men and women consumed fat-modified dairy 
products, their plasma total cholesterol was reduced 4.5% compared with the intake of 
conventional dairy products (Noakes et al., 1996). High-fat diets, especially those rich 
in saturated fats, can elicit detrimental effects on cardiovascular disease risk factors 
such as blood low density lipoprotein cholesterol (Williams, 2000; Shingfield et al., 
2008; Parodi, 2009). Cardiovascular risk, however, might be reduced by lowering the 
intake of undesirable saturated fats or by making alterations in the quality of the fat 
consumed due to changes on the animals’ diet with the aim of increasing the 
proportion of unsaturated (UFA) and decreasing saturated (SFA) (Dewhurst et al., 
2003a; Elgersma et al., 2003c; Khanal and Olson, 2004). 
 Modifications in the milk FA profile can be obtained when animals fed rations 
with higher content of forage (Elgersma et al., 2004a) or rich in dietary lipid feed 
supplements such as oilseeds which allow beneficial UFA to pass into milk (Chilliard et 
al., 2006) by increasing the CLA levels and decreasing the ratio of n-6:n-3 FA. These 
UFA are believed to have positive implications for human health (Pariza et al., 2001; 
Jensen, 2002; Parodi, 2009) by reducing the risk of cardiovascular disease and they 
may also reduce the incidence of some cancers, asthma, diabetes, atherosclerosis, 
enhanced bone mineralization and modulation of the immune system (Belury, 1995; 
Banni and Martin, 1998; Houseknecht et al., 1998). Care must be taken when 
introducing fat supplements into rations as some may reduce MY, milk fat and protein 
content. The development of specialist animal diets rich in UFA could play a valuable 
role in creating niche markets for animal products. Nevertheless, consumer perception 
and acceptance will be the driving force behind the success of these dairy products.   
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 Rumen biohydrogenation and mammary gland lipid synthesis. The lipid 
composition of forages consists largely of glycolipids and phospholipids, and the major 
FA are the unsaturated fatty acids (UFA), as linolenic and linoleic acid. In contrast, the 
lipid composition of seed oils used in concentrate feedstuffs is predominantly 
triglycerides containing linoleic and oleic acid as the predominant FA. When consumed 
by ruminant animals, dietary lipids undergo two transformations in the rumen 
(Dawson and Kemp, 1970; Keeney, 1970; Dawson et al., 1977). The initial 
transformation is hydrolysis of the ester linkages catalyzed by microbial lipases. This 
step is a prerequisite for the second transformation, the biohydrogenation of the UFA. 
Bacteria are largely responsible for biohydrogenation of UFA in the rumen; protozoa 
seem to be of only minor importance (Harfoot and Hazlewood, 1988). For a number of 
years, the only bacterium known to be capable of biohydrogenation was Butyrivibrio 
fibrisolvens (Kepler et al., 1966). However, nowadays a range of rumen bacteria have 
been isolated that have the capacity to biohydrogenate UFA (Harfoot and Hazlewood, 
1988). Investigations with pure cultures suggest that no single species of rumen 
bacteria catalyzes the complete biohydrogenation sequence. Kemp and Lander (1984) 
divided bacteria into two groups based on the reactions and end products of 
biohydrogenation. Group A bacteria were able to hydrogenate linoleic acid and α-
linolenic acid, trans-11 C18:1 being their major end product. Group B bacteria utilized 
trans-11 C18:1 as one of the main substrates with stearic acid being the end product. 
 The biohydrogenation sequence of linoleic acid (similar to that of linolenic 
acid) is presented in Figure III.2.3.2. Isomerization of the cis-12 double bond represents 
the initial step during biohydrogenation of FA containing a cis-9, cis-12 double bond 
system. The isomerase reaction is unusual because it has no cofactor requirement and 
occurs in the middle of a long hydrocarbon chain remote from any activating 
functional groups. Linoleate isomerase is the enzyme responsible for forming 
conjugated double bonds from the cis-9, cis-12 double bond structure of linoleic as 
well as α- and γ-linolenic acids. The second reaction is a reduction in which cis-9, trans-
11 CLA is converted to trans-11 C18:1. Hydrogenation of the trans-11 monoene 
occurred less rapidly and, thus, it increased in concentration (Tanaka and Shigeno, 
1976; Singh and Hawke, 1979). Trans-11 C18:1 reduction seems to be rate-limiting in 
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the biohydrogenation sequence of C18:0. As a consequence, this penultimate 
biohydrogenation intermediate accumulates in the rumen (Keeney, 1970) and is, 
therefore, more available for absorption. Besides stearic acid (C18:0), a number of 
other FA can serve as substrates for ∆9-desaturase in the mammary gland and other 
animal tissues. In this respect, the ability of this enzyme to convert C18:1 trans-11 to 
C18:2 cis-9, trans-11 has generated interest in the scientific community (Palmquist et 
al., 2005) because between 64 and 97% of the milk rumenic acid (RA) is estimated to 
result from endogenous synthesis in the mammary gland from trans vaccenic acid 
(TVA) (Lock and Garnsworthy, 2002; Palmquist et al., 2005; Mouriot et al., 2009). 
 
 
Figure III.2.3.2. Predominant pathways of synthesis of trans-vaccenic acid and rumenic 
acid in dairy cows milk (Chilliard et al., 2001). 
 
 In addition, biohydrogenation of γ-linolenic acid, cis-6, cis-9, cis-12 
octadecatrienoic acid, also results in formation of trans-11 C18:1 (Harfoot and 
Hazelwood, 1988; Griinari and Bauman, 1999). Decreased rumen pH often results in 
bacterial population shifts and consequent changes in the pattern of fermentation end 
products (Van Soest, 1994a). Leat et al. (1977) provided evidence showing that 
changes in rumen bacteria populations are associated with modifications in the 
biohydrogenation pathways consistent with the altered trans-octadecenoic acid 
profile found in ruminal digesta and tissue lipids. In addition, Griinari et. al. (1998) 
demonstrated that an altered rumen environment induced by feeding high-
concentrate, low-fiber diets is associated with a change in the trans-octadecenoic acid 
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profile of milk fat. During this situation, trans-10 octadecenoic acid replaced trans-11 
C18:1 as the predominant trans C18:1 isomer in milk fat. Putative pathways for the 
production of trans-10 octadecenoic acid have been proposed (Griinari and Bauman, 
1999), and these involve a specific cis-9, trans-10 isomerase in rumen bacteria with the 
formation of trans-10, cis-12 conjugated double bond structure as the first 
intermediate. Further evidence in support of a specific bacterial cis-9, trans-10 
isomerase is provided by observations that low-fiber diets increase the proportion of 
trans-10, cis-12 CLA isomer in milk fat (Griinari et al., 1999). Trans-10, cis-12 CLA has 
also been observed as one of the three major isomers of CLA in rumen digesta 
obtained from continuous flow-through fermenters (Fellner et al., 1997). 
 When the dairy cow is in negative energy balance, the relative contribution of 
FA from adipose tissue for milk fat synthesis is high (Dunshea et al., 1989; 1990), and 
de novo synthesis of the FA in the mammary gland is reduced (Christie, 1981; 
Palmquist et al., 1993). As a result, the concentrations of long chain fatty acids (LCFA), 
but particularly oleic, are at their highest, and concentrations of short chain fatty acids 
(SCFA) and medium chain fatty acids (MCFA), but particularly palmitic, are at their 
lowest in the milk fat produced by cows in early lactation (Christie, 1979; Palmquist et 
al., 1993; Auldist et al., 1998). As the concentration of solid fat in milk fat over a 
temperature range from 0 to 20oC is well correlated with the ratio of oleic to palmitic 
acids, milk fat from cows in early lactation can be softer than that of cows in mid- and 
late lactation (Rowney and Christian, 1996). 
 
III.2.3.2.1.- Saturated, Unsaturated and Trans- Fatty Acids 
 
 Saturated Fatty Acids (SFA). Milk is often described as having 70% of SFA. 
Nevertheless, this is inaccurate and exaggerated (Palmquist, 2010). Such accounting 
includes the SCFA (<12 C) that are largely oxidized in the liver upon absorption and 
have never been implicated in cardiovascular disease. These constitute up to 15% of 
milk FA. Further, stearic acid is 9 to 15% of milk FA, and has been shown to not be 
atherogenic. Those that have been shown to have atherogenic properties are lauric, 
myristic and palmitic acids (Mensink et al., 2003). In most milk fats, the sum of these is 
about 45% of the total milk FA. In healthy, well-balanced diets, atherogenicity even of 
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these may be questioned. Lauric acid does increase plasma cholesterol concentrations, 
but most of the increase is in high density lipoproteins (HDL), with increase in HDL/LDL 
(low density lipipoproteins) ratio, which is considered to be a positive marker for 
cardiovascular health (Fernández and Webb, 2008). The atherogenicity of palmitic acid 
has long been uncertain, because when included in diets that contain adequate 
quantities of UFA, no negative effects of C16:0 are evident (Clandinin, 2000). 
 A recent meta-analysis of prospective epidemiologic studies (Siri-Torino et al., 
2010) showed that there is no significant evidence for concluding that dietary 
saturated fat is associated with an increased risk of cardiovascular disease. Parodi 
(2009) has disputed the collective perception that reduced saturated FA intake 
decreases the risk of coronary heart disease due to not all saturated fats behave in the 
same way and since most works are based on epidemiological studies, concerted and 
targeted research effort would be necessary to unravel the potential relationship 
between particular SFA and human disease (Elwood et al., 2008; Parodi, 2009). The 
recognized beneficial effect of milk and dairy products on human health (Elwood et al., 
2008) provides further support for the importance of recognizing that dairy SFA are 
not consumed as a single dietary entity but along with other milk nutrients that appear 
to counteract any potential negative effect (Lock et al., 2008; Parodi, 2009). 
 Unsaturated Fatty Acids (UFA). The mono-unsaturated fatty acids (MUFA) in 
milk consist mainly of C18:1 cis-9 (oleic acid) and also C18:1 trans-11 (TVA). Oleic acid, 
considered universally to be a desirable component of dietary fat, is the second most 
abundant FA in milk fat. Its content is variable, influenced by the dietary fat content, 
and the extents of ruminal biohydrogenation and mammary ∆9-desaturase activity. 
With higher dietary fat content, significant amounts of oleic acid have been reported 
by Palmquist and Griinari (2006). Rumenic and vaccenic acid are both trans-11 FA 
produced by rumen microorganisms and are unique for ruminant fat. They could also 
be termed omega-7 trans FA (Ellen and Elgersma, 2004), to distinguish them from 
trans FA in general, which have a negative health effect.  
 The “beneficial” poly-unsaturated fatty acids (PUFA) content of cow milk fat is 
low. Linoleic acid (C18:2n-6) ranges from 1 to 3% and linolenic acid (18:3n-3) is 0.5-2% 
of the total milk FA, being the main isomer of CLA in milk fat the RA (C18:2 cis-9 trans-
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11). In addition, the balance of n-6:n-3 FA in the diet is a determinant of health, and a 
ratio lower than 4 is related to a reduction in the risk of highly prevalent chronic 
diseases, including stroke, cancer, and inflammatory and autoimmune diseases 
(Simopoulos, 2002). In some Western diets, where the average n-6:n-3 FA ratio is 
higher than 15, both the increase of n-3 FA and the reduction of n-6 FA would be 
necessary to achieve a healthier diet (Simopoulos, 2002). So the supply of n-6 FA in 
milk is not an issue; however, intake of the desirable n-3 FA, linolenic acid, remains 
low. The CLA contents in dairy products, calculated on the fat fraction, are comparable 
with those of the milk fat of the milk from which these products are obtained 
(Lavillonière et al., 1998; Dhiman et al., 1999a). The content of linolenic acid in milk fat 
can be increased by selected feeding practices (Palmquist, 2009), most directly by 
grazing cattle on high-quality pastures (Dewhurst et al., 2006). There has been also 
considerable research effort to increase the LCFA by feeding oilseeds (cottonseeds or 
linseeds). Milk produced by dairy farmers, therefore, plays a key role. As milk FA 
profile is related to the FA composition of the feed in the dairy cows diet (Khanal and 
Olson, 2004), effects of forage, feed and feeding systems must be taken into account.  
 Trans- Fatty Acids. The European Food Safety Authority defines trans FA as UFA 
with at least one double bond in the trans configuration (EFSA, 2004). Although this 
definition would include PUFA with conjugated double bonds (i. e. CLA), legislation in 
some countries (i. e. Denmark, EEUU and Canada) explicitly excludes this class of FA 
(Kϋhlsen et al., 2005). There are two major sources of dietary trans FA partially 
hydrogenated vegetable oils found in many industrially prepared foods and ruminant-
derived products, mainly dairy fats, with trans C18:1 isomers being quantitatively the 
predominant trans FA in both cases (Craig-Schmidt, 2006; Shingfield et al., 2008). 
Whereas FA from hydrogenated vegetable oils are related clearly to increases in the 
LDL cholesterol/ HDL ratio, no such link has been demonstrated for the trans fatty 
acids of ruminant fats. This is explained by the differences in distribution of the trans 
monoenes between hydrogenated vegetable oils and ruminant fat. In the first group 
the trans monoenes show a Gaussian distribution of the double bond around the ∆9 
double bond, whereas the predominant trans double bond in ruminant fat is ∆11. 
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 Legislation or advice on limiting trans FA has, in many instances, been restricted 
to those from industrial foods (Kϋhlsen et al., 2005), since their consumption has been 
consistently associated with cardiovascular disease, whereas natural trans FA in dairy 
products have been considered innocuous (Mozaffarian et al., 2006; Chardigny et al., 
2008). Furthermore, ruminant and industrial fats contain the same trans C18:1 
isomers, but their relative proportion differs significantly (Kϋhlsen et al., 2005; Graig-
Schmidt, 2006), which is of crucial importance regarding the unfavorable effects 
mentioned for particular FA (Gutiérrez-Toral, 2010). For instance, studies with animal 
models suggest that trans-10 C18:1, a relatively abundant isomer in industrial fats, may 
contribute to an increased risk of cardiovascular disease (Roy et al., 2007), while trans-
11 C18:1 (TVA), the major trans C18:1 in dairy foods, might be protective (Tyburczy et 
al., 2009). This later FA has also been reported to have anti-carcinogenic properties, 
through its conversion to RA, while the association of other trans FA with cancer is 
poorly understood and remains controversial (Smith et al., 2009).  
 
III.2.3.2.2.- Conjugated linoleic acid 
 
  The term conjugated linoleic acid (CLA) refers to a mixture of positional and 
geometric isomers of linoleic acid (cis-9, cis-12 octadecadienoic acid) that contain 
conjugated unsaturated double bonds. The predominant CLA isomer in ruminant fats is 
C18:2 cis-9, trans-11 (RA); the majority (up to 95%) of milk CLA is derived by de novo 
synthesis in the mammary glands (Griinari et al., 2000) by ∆9 desaturation of TVA 
(trans-11 C18:1, arising from ruminal biohydrogenation) (Palmquist et al., 2005). RA is 
particularly rich in ruminant milk from grazing ruminants or those fed certain high fat 
diets. CLA has received considerable interest during the past decade, because it has 
been shown to promote various beneficial health-related effects in experimental 
animals including anti-carcinogenic and anti-atherogenic effects and effects on body 
composition and fat metabolism (Benjamin and Spener, 2009). Nevertheless, clinical 
evidences for health benefits in humans are very few (Palmquist, 2010). If these 
positive effects for health are found to occur in humans, increases in the concentration 
of CLA would increase the nutritive and therapeutic value of milk and dairy products.  
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 Average CLA content in milk varies between 0.3 and 0.6% of total FA (Kelly et 
al., 1998a, b). Typical consumption of CLA by humans is lower (on an equivalent BW 
basis) than the dose that has been shown to be effective in reducing tumors in animal 
models (Ip et al., 1994). Intake of CLA can be increased by increasing the consumption 
of foods from ruminant origin or by increasing the CLA content of foods derived from 
ruminant origin. The latter approach is more practical. In the rumen, dietary lipids are 
hydrolyzed, and resulting UFA are converted to SFA by the rumen microorganisms 
(Harfoot and Hazlewood, 1988). When the dietary supply of UFA is high, or the 
biohydrogenation process may be incomplete, the CLA can escape the rumen and 
become available for absorption in the lower digestive tract, thus, providing a source 
of CLA to the mammary gland. Dhiman et al. (1999b) have shown that cattle grazing 
pasture had higher CLA content in milk than did cattle fed pasture plus cereal grain. 
Feeding full fat extruded cottonseed increased the CLA content in milk (Dhiman et al., 
1999a; Kelly et al., 1998a). Pasture grasses are rich in linolenic acid (C18:3). The oil in 
soybeans, cottonseeds and sunflower oil are rich sources of linoleic acid (C18:2). An 
important question is whether the CLA found in milk from dairy cows grazing grass or 
fed cottonseed is related to dietary intake of linoleic and linolenic acid. 
 Though most animal model research suggests that intakes needed to induce 
significant health responses may be as much as 1 gram/day, estimated daily intakes 
range from 100 mg/day in the EEUU studies to 300-400 mg/day in Europe (Palmquist, 
2010). These differences are attributed to greater intake of foods from ruminant origin 
in Europe, perhaps mainly cheese. Availability of CLA in the diet from ruminants on 
pasture-based systems was reviewed by Van Wijlen and Colombani (2010). Because 
milk fat contains 3 times as much TVA as CLA, it is significant that humans, as well as 
cows, are capable of desaturating TVA to synthesize RA endogenously. About 20% of 
dietary TVA was converted to RA in a Finnish human study (Turpeinen et al., 2002). 
Parodi (2006) used this value to conclude that the amount of CLA available to human 
tissues is 1.4 times that consumed in ruminant products. 
 A host of factors appear to affect the CLA content in milk from ruminants 
(Table III.2.3.2.2.1.). As a result, a large variation occurs among the milk samples 
collected from individual cows fed the same diet and raised under similar conditions. 
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Such factors are divided into three categories: (a) diet related, (b) animal related and 
(c) processing. The two first factors will be mentioned above with more detail. 
 
Table III.2.3.2.2.1. Factors affecting the conjugated linolenic acid content in milk fat 
from ruminants (Khanal and Olson, 2004). 
Factors  Effect on conjugated linoleic acid Reference 
A) Diet related 
     1) Pasture feeding   
         1.1 Fresh/Lush green pasture Highly positive Dhiman et al. (1999b)  
         1.2 Pasture + Full fat extruded soybean No effect Khanal et al. (2003) 
         1.3 Pasture + Soy oil No effect Kay et al. (2002) 
         1.4 Pasture + Fish oil Positive Kay et al. (2003) 
         1.5 Maturity of pasture Negative Loor et al. (2002a) 
         1.6 Diversity in plant species Positive Collomb et al. (2002b) 
         1.7 Elevation of pasture Highland>Mountain>Lowland Collomb et al. (2002a) 
         1.8 Fresh cut pasture Fresh>Conserved Elgersma et al. (2003c) 
     2) High forage diet Positive Jiang et al. (1996) 
     3) High grain diet Negative Jiang et al. (1996) 
     4) Raw oil seeds Minimal Dhiman et al. (2000) 
     5) Roasted oil seeds Positive Several authors 
     6) Extruded oilseeds Positive, better than roasted oilseeds Several authors 
     7) Plant oils Positive, better than processed seeds Several authors 
     8) Ca salts of fatty acids Positive Chouinard et al. (2001) 
     9) Marine algae Positive Franklin et al. (1999) 
    10) Rumen pH >6.0 pH, Positive Martin and Jenkins (2002) 
    11) CLA supplementation Positive Several authors 
    12) Trans fats Positive Porter (2003) 
    13) Ionophores Probably positive Fellner et al. (1999) 
    14) Low energy diet Probably positive Timmen and Patton (1988) 
B) Animal related   
     1) Species Ruminants>Non-ruminants Several authors 
     2) Breed Holstein>Brown Swiss>Normandes>Jersey Lawless et al. (1999) 
     3) Stage of lactation Minimal Kelsey et al. (2003) 
     4) Parity Minimal Kelsey et al. (2003) 
     5) Animal to animal Positive with higher ∆9-desaturase activity Kelsey et al. (2003) 
C) Processing, overall   
     1) Milk into cheese Minimal Dhiman et al. (2003) 
     2) Milk into yogurt Probably positive Review by Parodi (2003) 
     3) Milk into butter Minimal Baer et al. (2001) 
     4) Cooking Probably minimal Ma et al. (1999) 
     5) Aging of cheese Probably minimal Lin et al. (1995) 
     6) Heat treatment of milk Probably minimal Lin et al. (1995) 
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Dietary Factors for Dairy Cows  
 The dietary related factors that affect milk FA profile of raw bovine milk can be 
summarized in three major categories: a) pasture feeding, b) feeding lipid supplements 
and c) seasonal and regional variations in milk FA according to feeding system.  
 Pasture Feeding. Changes in milk FA profile and the presence of conjugated 
dienes in milk fat was first noticed by Booth et al. (1935) when cows were turned out 
to pasture during summer. The total conjugated dienes in milk fat increased from 0.4 
to 0.8% during winter when cows were kept indoors to 1.3 to 2.5% during summer 
when cows were grazed on pasture (Kuzdal-Savoie and Kuzdal, 1961). The increase in 
milk fat CLA contents after turning cows out to pasture were established later in a 
series of experiments (Jahreis et al., 1997; Stanton et al., 1997; Kelly et al., 1998b; 
Lawless et al., 1998; Elgersma et al., 2003b) and continue to be the mainstay of 
research for enhancing CLA content in dairy cows’ milk (Dhiman et al., 1999a; 
Schroeder et al., 2003; Stockdale et al., 2003; Ward et al., 2003; Kay et al., 2004). 
 Generally, pasture feeding increases milk fat content of CLA compared to 
feeding either a TMR with similar lipid content or conserved forages. The lipids in 
pasture forages consist mainly of glycolipids and phospholipids, which are only 2% of 
the dietary DM (Van Soest, 1994a). Lipids in plants are not static entities, but are 
continuously subject to turnover, meaning that lipid degradation is a normal process in 
the living plant and that lipases are normally present. At the short term this will not 
have a big influence on the FA composition of the lipid fraction in plants.  
 There are at least three occasions when the lipid fraction in plants or plant parts 
may significantly be modified, i.e. during senescence, immediately after detachment 
(grazing or cutting) and during storage after cutting (Elgersma et al., 2006). In detached 
plants, after cutting and perhaps during the early stages of ingestion and ensiling, the 
metabolism of plant cells can continue. Also, there is activity of the enzymes of dead 
tissue. In ruminants grazing fresh pastures, the first stage of lipolysis could be 
mediated by plant lipases (Lee et al., 2003). These enzymes are present in plants and 
their regulation might be altered due to the double stress of elevated temperature and 
anoxia imposed on the plant metabolism of intact plant cells after ensiling or ingestion 
-115- 
 
by ruminants. A potential plant breeding goal to reduce the rate and extent of lipolytic 
activity in the rumen could be to select forage plants with reduced lipolytic activity. 
 Dewhurst and King (1998) studied the effect of ensiling on the FA in the 
material. Wilting prior to ensiling reduced the content of total FA by almost 30% (from 
24.6 to 17.5 g/kg DM), with a reduction of up to 40% for linolenic acid. These authors 
suggested that the ensiling process itself has little influence, provided compaction and 
sealing of the silo is good. This may not always be the case in big bale silages. Adding 
silage additives (formic acid or formalin) resulted in much smaller losses, which was 
also found for formic acid by Doreau and Poncet (2000). Hay making reduces the total 
FA by over 50%, with a greater loss of linolenic acid (Doreau and Poncet, 2000). Similar 
observations were made for haylage (70% DM) by Elgersma et al. (2003b). 
 In vitro studies with rumen cultures suggest that glycolipids are hydrolyzed and 
hydrogenated similarly to triglycerides (Dawson et al., 1974, 1977; Singh and Hawke, 
1979). Forage maturity also seems to be an important factor affecting milk fat content 
of CLA. Diets containing forage at the early growth stage resulted in increased milk fat 
CLA compared to diets that included late-growth or second cutting forage (Chouinard 
et al., 1998). However, forage lipid content and composition seems only to partly 
explain observed differences in milk fat content of CLA. Synergistic effects between 
lipid substrate and other pasture components may alter rumen biohydrogenation. 
Alterations in feed intake have had variable effects on milk fat content of CLA. 
Restricting feed intake by 30% resulted in milk fat concentration of CLA being 
increased in one study (Jiang et al., 1996) and decreased in another (Stanton et al., 
1997). Timmen and Patton (1988) more severely restricted feed intake and observed 
that the concentration of CLA in milk fat more than doubled. Alterations in feed intake 
would obviously affect substrate supply and change the rumen environment. Both of 
these factors would contribute to a change in the ruminal biohydrogenation process. 
 Jahreis et al. (1997) compared conventional farming with high external inputs 
of fertiliser and concentrates, with or without grazing during summer; with low 
external N input ecological farming with summer grazing. It was observed that 
organically produced milk had the highest contents of both CLA and TVA in its milk fat, 
especially during the May to September grazing period. The authors explained the 
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differences by the different feeding strategies between the systems, and claimed that 
the “green” feeds in organic farming were richer in PUFA than the silages and 
concentrates fed in conventional farming, that the grass/legume silages were richer in 
PUFA compared to maize silages, and indicated that rations higher in fibre cause 
specific rumen bacterial populations, as measured by a higher content of branched-
chain FA in milk fat. The higher concentration of linolenic acid in organic milk is 
consistent with recent observations of higher concentrations of this FA in milk 
produced from red or white clover silages compared to milk produced from grass 
silage (Dewhurst et al., 2003b).  
  It was also found that grazing a cool season pasture with a C-3 carbon pathway 
containing more than 50% of their total FA as linolenic acid increases milk fat CLA 
(Dhiman et al., 1999b) more than its warm season counterparts with C-4 carbon 
pathways containing <40% of total FA as linolenic acid (White et al., 2001). A mature 
pasture, which has higher proportions of C14:0 and C16:0 and less linolenic acid, is also 
not likely to produce as much CLA content as does the lush green pasture when grazed 
by lactating cows (Loor et al., 2002b). Similarly, cows receiving all of their diet from 
pasture produced milk fat with higher CLA contents compared with cows receiving 
either one-third or two-third of their diet from pasture (Dhiman et al., 1999b).  
 Feeding lipid supplements.  For decades, dietary lipid supplementation has 
been used to meet the energy requirements in dairy farming in unfavorable areas, 
where food supply can be temporarily scarce and high productive lactating ruminants 
(Palmquist and Jenkins, 1980; Gargouri et al., 2006; Sánz-Sampelayo et al., 2007). In 
most cases, protected plant oils were supplied with the aim of sustaining high yields of 
milk or fat (Casals et al., 2006; Gargouri et al., 2006). However, nowadays, particular 
emphasis is laid on the effect of lipid supplementation on milk FA profile. 
 Plant lipids can be fed either as whole oilseeds, protected oils or free oils, but 
results indicate that the latter, more accessible to rumen microorganisms, bring about 
the most notable changes in milk fat composition (Dhiman et al., 2000; Loor et al., 
2002a; Ward et al., 2003; Whitlock et al., 2003; Lock et al., 2004; Chilliard et al., 2007).  
 Supplementing roasted or extruded oilseeds seems to have a greater effect on 
milk fat CLA content than raw seeds (Dhiman et al., 2000), because of low release of oil 
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from raw seeds in the rumen compared with heat-treated seeds. Low release of oil 
might lead to complete biohydrogenation of linoleic acid in the rumen and little or no 
effect on CLA content. Moreover, microorganisms responsible for biohydrogenation of 
PUFA must have access to the oil, which is very poor with raw seeds. Extruding, 
micronizing or roasting of soybeans resulted in two or three fold increases in milk fat 
CLA contents compared with a control diet containing ground soybeans (Chouinard et 
al., 2001). It appears that milk FA was accessible to rumen microbes when the oilseeds 
were processed and that heat treatment further increased the accessibility. 
 Despite the positive effects of vegetable oil supplementation on milk FA profile 
(i.e. increased TVA and RA content), it should be pointed out that, in some cases, high 
concentrations of trans-10 C18:1 are indeed observed (Roy et al., 2006; Gómez-Cortés 
et al., 2008). Trans-10 18:1 may have potentially negative effects on consumers’ health 
(Kϋhlsen et al., 2005; Roy et al., 2007) and, when plant lipids are added to high-
concentrate diets, progressive increases in the milk content of this C18:1 isomer are 
often accompanied by reductions in trans-11 C18:1 and, subsequently, in cis-9, trans-
11 C18:2 (Bauman and Griinari, 2001; Roy et al., 2006; Shingfield et al., 2008).  
 Seasonal and Regional Variations. Seasonal variation in milk FA composition 
has long been recognized and several authors refer to Riel (1963) in this respect, 
although it seems to have been first reported by Mattsson (1949) who found 
concentrations of conjugated dienoic acids of 6-24 g/kg (with one milk fat with 
37 g/kg), and lower levels for stall-fed cows. In The Netherlands, Stadhouders and 
Mulder (1955) reported a three-fold difference in conjugated dienoic acid 
concentrations in milk of cows fed in stalls versus pastured (7 vs. 25 g/kg). Jahreis et al. 
(1996) attributed the variations in milk FA profile depending on season and farm 
management systems. Higher pasture quality in spring (young and growing) than in 
summer (senescence) has a positive influence on milk FA profile; the physiological 
stage of forages has significance when making hay or silage (Dewhurst et al., 2006).   
 Different studies carried out in Austria, Germany, France and Switzerland 
showed that the FA profile of bovine milk from the highlands differed from that of the 
lowlands (Bugaud et al., 2001; Collomb et al., 2002a, b; Kraft et al., 2003; Collomb et 
al., 2004; Leiber et al., 2004) and between seasons (Ferlay et al., 2008). Generally, in 
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milk fat from pasture-fed cows in the mountains, higher concentrations of the main n-
3 FA (α-linolenic acid) were found, as well as lower concentrations of SFA. Leiber et al. 
(2004, 2005) hypothesized that the increase in the α-linolenic acid content of alpine 
summer milk was due to pasture feeding and the absence or low amounts of 
concentrates. The concentration of CLA was also very high in summer milk fat from the 
highlands (Collomb et al., 2004). These high values are due to pasture effects but 
differences in the botanical composition of grass in the mountains (Bugaud et al., 
2001; Collomb et al., 2002a) could modify the FA profile of milk, as reported for the 
lowlands in the case of grass supplemented with legumes (Dewhurst et al., 2003c; Van 
Dorland, 2006). Mountain pastures were characterized by a higher diversity in the 
botanical composition of grass than in the lowlands. Also environmental conditions as 
well as low input feeding due to pasture-based feeding without or with low amounts of 
concentrates, could increase the lipomobilization by dairy cows. All these effects could 
explain changes in the milk FA profile.  
 
 Table III.2.3.2.2.2. summaries the results of several experiments carried out in 
different countries (Elgersma et al., 2006). Average concentrations of CLA and RA in 
milk in most countries during pasture feeding are 2-3 times those during barn feeding.  
 
Table III.2.3.2.2.2. Total conjugated linoleic acid (CLA) and rumenic acid (RA) contents 
in bulk milk fat (mg/g of fat) using different source of forages. Data: mean (minimum-
maximum) 
Source of forage   Germany1 The Netherlands2 Switzerland3 Poland4 
Indoors  Total CLA - 4.1 (2.0-7.0) 8.7 4.3 (3.2-7.8) 
(Silage) Rumenic acid 4.5 (1.0-10.5) - 8.1 (7.0-11.0) - 
Mixed forrages Total CLA - 6.4 (3.0-12.0) 16.1 - 
(Silage+Grazing) Rumenic acid 7.6 (1.9-11.9) - 
15.0 (13.0-
18.0) - 
Pasture  Total CLA - 9.2 (3.0-25.0) 23.6 
17.1 (12.5-
23.4) 





Adapted from several authors: 1Precht and Molketin (2000); 2Ellen et al. (2001); 3Collomb et al. 




 The highest concentrations of RA were found in Switzerland, which relates to 
long periods of pasture feeding and to unique meadow grasses and herbs from the 
mountains and highlands. The lowest concentrations of RA and CLA were found in The 
Netherlands when dairy cows are fed indoors with a silage ration. 
 
Animal Factors for Dairy Cows      
 
 Breed. It has been found that given the same diet Holsteins produce higher CLA 
in milk fat than do Jerseys or Normandes (White et al., 2001; Lawless et al., 1999). 
Żegarska et al. (2001) reported milk FA profiles in summer milk from pastured cows 
and found higher CLA concentrations for Polish red (11.9 g/kg) versus Black-and-White 
(9.4 g/kg). Other authors (Soyeurt et al., 2007; Stoop et al., 2008) have also reported 
breed effects on milk FA profile.  Kelsey et al. (2003), however, have observed minor 
variation in milk fat CLA content between Holstein and Jerseys fed the same diet and 
that the breed contributed only about 1% of the total variation.  
 Stage of Lactation. The milks from early lactation (30 days) contained less C4:0 
to C12:0 than those from middle (120 days), and late (210 days) lactation periods in 
New Zealand cows (Auldist et al., 1998). The difference was independent of seasonal 
(feed) effect and was attributed to the physiological inability of cows in early lactation 
to consume enough DM to meet energy requirements. The synthesis of 4:0 to 12:0 in 
the mammary gland increased during early lactation then decreases and the 
mobilization of FA from adipose tissue increases (Palmquist et al., 1993). Seasonal and 
stage of lactation affect the CLA contents, but the differences were small. Rowney and 
Christian (1996) evaluated the effects of diet and stage of lactation on milks for 
cheeses as sources of butter, etc. They found that diet quality had the greatest effect.  
 Parity. Kelsey et al. (2003) have found that parity contributed about 10% of the 
variation. It was similar to the earlier finding (Lal and Narayanan, 1984) where dairy 
cows with 7 or higher lactation produced an average of 15% more CLA in milk fat 
compared with cows of either 1 to 3 or 4 to 6 lactations. Similarly, Stanton et al. (1997) 
reported that increased lactation number had a positive effect on milk fat CLA content. 
 Animal to Animal. Of all the animal related factors, animal-to-animal variation 
appears to be the most important (Khanal and Olson, 2004). The variation among 
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individual cows would primarily be related to two factors: (1) rumen production of TVA 
and CLA, and (b) the activity of ∆9-desaturase. While the rumen output of CLA 
contributes only marginally to the overall CLA content in milk, it has been observed 
that individual cows may vary over 3-fold in the activity ∆9-desaturase (White et al., 
2001; Lock and Garnsworthy, 2002; Kelsey et al., 2003). Kelly et al. (1998a) have 
observed a larger variation in milk fat CLA content for cows fed sunflower oil than 
either peanut or linseed oil. Similarly, variations in CLA content among individual cows 
were higher with diets such as all pasture (Kelly et al., 1998b), TMR supplemented with 
free oil (Kelly et al., 1998a), or a diet with higher forage-concentrate ratio (Jiang et al., 
1996), all of which are conducive to higher CLA concentrations. Cows in confinement 
fed TMR had smaller variations in milk fat CLA content compared to cows grazing 
pastures (White et al., 2001). Similarly, variation in milk fat CLA content for the same 
group of individual cows was higher while grazing on pasture than when receiving 
either a TMR diet or a diet of conserved forage (ad libitum access) supplemented with 
grain (Khanal, 2004). It was also found that individual cow variation was greater during 
summer than in winter and in dairies that graze cows during summer than dairies that 
either did not graze or had only 1/3 of its cows grazed. It has been observed that 
concentration of CLA in milk fat was lowest during February-March and highest during 
August-September both in the USA (Khanal, 2004) and Canada (Riel, 1963). 
 
Milk Differentiation and Added Value for Human Consumption 
 
  Traditionally, raw milk of a uniform quality is used as starting material for all 
possible dairy products. This means that raw bovine milk with the same composition is 
used for the production of consumption milk as for the production of cheese. This is 
suboptimal because optimal milk composition differs for different dairy applications. 
As mentioned before, milk composition differs considerably between individual dairy 
cows. However, virtually all of this variation is evened out because the milk from 
multiple milking and a large number of animals from one herd is pooled together and 




 Differentiation is possible when cows that produce milk with a composition 
that is more suitable for a specific application can be grouped together. Their milk can 
be collected separately and used for that specific application. The concept of milk 
differentiation based on composition could result in a more efficient production of 
dairy products or in the production of products with an enhanced milk quality (such as 
with higher levels of CLA). Cows may receive specific feeding to produce milk with an 
improved composition for a specific application. In addition to feeding it is also 
possible to use cows that based on their genetic merit to produce milk with an 
additional value for that specific application. Finding genes responsible for the genetic 
variation would create new opportunities for milk differentiation based on 
composition. All these strategies help to increase the profitability of dairy systems 
worldwide and contribute to produce milk with high added value. 
 The potential of plant breeding and management to increase the beneficial FA 
content of grass and clover species was reviewed by Dewhurst et al. (2003a). As 
fertilization and DHA can be managed by dairy farmers, it might be a feasible way to 
obtain higher concentrations of FA in herbage. As well, the timing of cutting or grazing 
(i.e. the regrowth stage at which herbage is harvested), can influence grass quality 
(Elgersma et al., 2006). The issues discussed in this section regarding the benefits of 
fresh herbage, and in particular grazing, could perhaps reverse the currently increasing 
trend for cows to be kept indoors year round. However, effects on milk production, 
landscape values, animal welfare and public opinion will also play a role in this trend. 
Scollan et al. (2005) stated that grassland offers considerable scope to help create 
product differentiation in increasingly competitive markets.  
 In Galicia, some industries are involving farmers in projects like LEYMA NATURA 
producing milk based on grass and the cooperative Feiraco produce milk (UNICLA) 
using linseed as a concentrate source in silage feeding obtaining a better FA profile.  
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RESUMEN CAPÍTULO III.2. 
Un aspecto importante al que cabe prestarle atención en los sistemas en 
pastoreo es la raza de vaca con la que contamos, su balance energético (Bauman y 
Currie, 1980) y la función ruminal (Goff y Horst, 1997), dado que repercuten en el 
rendimiento productivo del animal y condicionan el ajuste entre la oferta de alimentos 
y la demanda. Esto resulta crítico tras el parto en donde solo con forraje no se cubre el 
déficit energético del animal (Canfield y Butler, 1990) y se debe recurrir al concentrado 
para no penalizar la producción de leche (Hernández-Urdaneta et al., 1976). 
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Los modelos intensivos de producción de leche, predominantes en los últimos 
años, basan la estrategia de alimentación en la expresión del máximo potencial 
productivo del animal, con vacas de alto mérito genético, utilizando la raza Holstein-
Friesian. Sin embargo, estos animales se caracterizan por presentar unos contenidos 
de proteína y grasa en leche inferiores a los de otras razas, que producen menos, y 
muestran una menor persistencia del pico de lactación y una baja vida productiva lo 
que cuestiona ahora su utilización (Dillon et al., 2006). Para los sistemas en pastoreo 
cabe plantearse dos preguntas importantes: (1) ¿Son estas razas más especializadas en 
la producción de leche la mejor elección o se pueden cambiar, en aras a sistemas más 
rentables y sostenibles, y bajo qué condiciones? y (2) ¿Cuáles son, en función del 
sistema lechero elegido, las características genéticas más deseables para seleccionar a 
un animal? Nos hemos adentrado en los factores animales que afectan a la producción 
de leche (potencial productivo individual, peso vivo del animal, condición corporal, 
estado y número de lactación, fertilidad, etc.), dado que al final lo que se busca es la 
adecuación del animal al sistema forrajero, incluyendo la raza de vaca para dar 
respuesta a las dos cuestiones planteadas anteriormente. Con ello, lo que se pretende 
es lograr una vaca eficiente en la transformación de la ración, que produzca leche sin 
altos insumos, que se reproduzca sin dificultades, que posea una buena longevidad y 
con la cual se obtenga leche adaptada a las demandas del mercado. 
 Los cambios en la alimentación animal y manejo del rebaño en pastoreo 
provocan variaciones en los contenidos de grasa y proteína, con valores mínimos en 
verano y máximos en invierno, mientras que en los sistemas intensivos hay menos 
fluctuación a lo largo de todo el año debido a una alimentación más uniforme (Heck et 
al., 2009). Además del pago por calidad que determina estos parámetros, hoy en día el 
perfil en ácidos grasos de la leche se presenta como un arma de gran interés para la 
economía de las industrias lácteas, dada la gran preocupación que existe entre los 
consumidores por llevar una dieta saludable. Cada vez existe un mayor conocimiento 
sobre los aspectos nutricionales que condicionan el perfil de ácidos grasos de la leche y 
se busca, con ello, una mejora en el contenido de ácidos grasos poliinsaturados 
(PUFA), de tipo omega-3, al ser la leche una de las principales fuentes del ácido 
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linoleico conjugado (CLA), ácido graso esencial y considerado beneficioso para la salud 
humana (Pariza et al., 2001; Jensen, 2002; Parodi, 2009; Palmquist, 2010). 
El contenido de PUFA en leche está afectado por varios factores (Khanal and 
Olson, 2004): tanto intrínsecos relativos a la vaca (genotipo animal, estado y número 
de lactación, y  variación individual) como extrínsecos (alimentación en pastoreo, 
suplementación lipídica y, variaciones estacionales y regionales) que dependen de los 
sistemas de alimentación. El pastoreo parece ser clave con una gran influencia sobre 
los niveles de CLA en leche (Jahreis et al., 1997; Stanton et al., 1997; Kelly et al., 1998b; 
Lawless et al., 1998; Elgersma et al., 2003b). La grasa de la leche en pastoreo procede 
en un 40-45% de la dieta y de los microorganismos del rumen, un 10% del tejido 
adiposo y más de un 50% de la síntesis que tiene lugar en la glándula mamaria. Existe 
una variación regional y estacional (Bugaud et al., 2001; Collomb et al., 2002a, b; Kraft 
et al., 2003; Collomb et al., 2004; Leiber et al., 2004; Ferlay et al., 2008), que puede 
doblar o triplicar el contenido de CLA en la grasa de la leche destinada al consumo 
humano. Esto se debe a factores relacionados con la alimentación animal, según la 
época del año o el empleo de raciones completas mixtas suplementadas con pastoreo 
o el aporte de semillas de oleaginosas que proporcionan ácidos grasos insaturados. 
 La revisión bibliográfica efectuada destaca que la dieta en pastoreo, a base de 
forrajes verdes, produce las mayores concentraciones de ácido ruménico en la grasa 
láctea debido a largos períodos de pastoreo en países como Suiza (Collomb et al., 
2002a, b). Las vacas alimentadas en establo, con silo de maíz y concentrado, muestran 
un contenido menor de PUFA en leche que las vacas alimentadas con solo pasto. 
Resulta, pues, importante ahondar en la realización de estudios comparativos de la 
alimentación fresca en pastoreo frente a ensilados para ver cómo afecta la dieta al 
























































III.3.- FEEDING THE COW AT PASTURE 
III.3.1.- Grazing Grass 
 On the farm where pastures are the main constituent of the diet, Herbage 
Mass (HM) is the amount of grass dry matter (kg DM) per unit of surface (ha). In 
grazing studies estimate of the herbage mass, also called it as pasture on offer, should 
be determined for rationing purposes, as its nutritional quality dictated the 
performance of an animal when the stocking rate is fixed, or for adjustment of stocking 
rate when a fixed grazing pressure is desired (Vartha and Matches, 1977) 
 Stocking Rate (SR), defined as the number of animals (cows) per unit of area of 
land (ha) for a given time period, has been recognized for ages as the most important 
factor governing milk output per unit area of pasture (Mott, 1960; McMeekan and 
Walshe, 1963; Greenhalgh et al., 1966; Greenhalgh et al., 1967; McFeely et al., 1975; 
Le Du et al., 1979; Combellas and Hodgson, 1979; Journet and Demarquilly, 1979; 
McCarthy, 1984; Hoden et al., 1991; Peyraud et al., 1996c; O’Donovan et al., 2004). In 
most EU countries, pressure on land use is high and maximizing milk performance per 
unit of area is more than a challenge to maximize profitability of milk output per ha. 
 Grazing Pressure (GP), defined as the number of animals (cows) per unit mass 
of herbage (kg DM/ha), implies the productivity of a particular area. When the SR 
increases, the GP also increases. Now it is important to introduce the concept of Daily 
Herbage Allowance (DHA), defined as the weight of herbage DM per animal (kg 
DM/cow/day), that decreases when the level of competition between animals 
increases (Baker and Leaver, 1986) reducing, thereby, the opportunity for pasture 
selection. This results in a reduction in Pasture Dry Matter Intake (PDMI) and the 
animal is prevented from satisfying its nutritional requirements which culminates in 
reduced animal performance (Mott, 1960). When the productive area is a limiting 
factor, individual performance had less importance and the aim is to maximize the milk 
output per ha. But at present times when supplementation with concentrates or other 
conserved forages are getting economic responses, individual animal performance 
should be consider up to nearly get the genetic potential of the cow with a high 
efficiency of grass feeding and reducing the substitutive effects of supplementation.  
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 Low GP, on undergrazed land with high DHA, leads to increased forage 
productivity resulting in high output per cow while low output per ha (Figure III.3.1.1.). 
At intermediate GP, however, the type of response may vary. Plants may be stimulated 
by intermediate levels of grazing intensity or, at the other extreme, be inhibited by any 
level of grazing. An intermediate response, with growth not being inhibited by low-
level grazing intensities, is typical of many pastoral grasses. The combination of high 
GP with low DHA gives medium output per animal while high output per ha. Increasing 
the GP to very high level, on overgrazed land with very low DHA, causes a reduction in 
forage productivity resulting in low output per animal and low output per ha.  
 
Figure III.3.1.1. Effect of grazing pressure on production per animal and per ha (Mott, 
1960; http://agguide.agronomy.psu.edu/cm/sec8/sec810l.cfm).  
 The potential of grazing with an adequate SR can be quite high. Stakelum and 
Dillon (1990) showed that pastures with high GP in spring/early summer produced 
swards of lower HM, lower post-grazing height, higher proportion of green leaf and 
lower proportion of grass stem and dead material compared to swards with low GP. A 
state of equilibrium must be attained whereby animal production from pasture and 
sward quality are optimized, as low rates of pasture utilization, with low GP, will result 
in wastage and may also reduce animal production during the summer months (Dillon, 
2006). When number of animals are high enough to match the pasture on offer (HM), 
the efficiency of herbage utilization, defined as the proportion of herbage removed 
relative to that available, increases and sward quality, defined as the grass nutritive 
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value for feeding animals, is higher due to an improved sward structure, defined as the 
proportion of leaf, stem and dead material in the upper and lower sward horizons 
(Stakelum and Dillon, 2007a, b) generated from the grazing animal. 
 Thomas (1980) gives further detailed descriptions and definitions of the 
different grassland components. The tiller is the basic unit of sward structure, which 
consists of a vertical axis bearing leaves. The stem is the main axis of the tiller which 
bears the leaves while the pseudostem or vegetative stem is part of a vegetative grass 
tiller formed by the concentric leaf sheaths which performs the supporting function of 
a stem. Leaf consists of lamina, ligule and sheath. Sward structural variation occurs due 
to the variation in tiller development and changes in tiller morphology. The structure 
of a grazed sward can be divided into four components. There is a horizontal 
separation into an upper grazed horizon (> 4 cm) and a lower ungrazed horizon (< 4 
cm) and a vertical separation of the grazed and rejected area of the pasture (Brereton 
and Carton, 1986). Sward structure plays a role in determining the quantity of herbage 
eaten by the grazing animals (Stobbs, 1973), and the proportion of the biomass that is 
removed from the pasture. Other elements of sward structure include HM, DHA, SH, 
bulk density and textural characteristics such as shear and tensile strength. 
 Herbage availability can be defined as the relative ease or difficulty with which 
herbage is harvested by the grazing animal (Wade, 1991). Herbage availability is a 
complex parameter that takes into account the qualitative and quantitative aspects of 
the sward and interactions with DHA. In continuous grazing, DHA is theoretically 
unlimited and PDMI increases asymptotically with HM and/or SH. Delagarde et al. 
(2001) has shown good relationship between PDMI and SH: PDMI= 12.1 (1 – e-0.34 SH) 
where maximum intakes are obtained for SH averaging 9-10 cm but rapid decreases of 
intake when SH was below 7 cm. On rotationally grazed swards, the herbage 
availability may be determined by the proportion of green leaf in the grazed horizon. 
Wade et al. (1989, 1995) concluded that herbage availability increased with an 
increasing proportion of green leaf in the bottom of sward when animals cease 
grazing. This was demonstrated by Parga et al. (2000), comparing two swards differing 
in the proportion of green leaf material below 15 cm, but with the same proportion 
above 15 cm. At high DHA, PDMI was similar for both swards, but when DHA was 
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reduced from 17 to 12 kg OM per day, PDMI was reduced less in the sward with the 
higher proportion of green leaf material below 15 cm. Peyraud et al. (2004) showed 
that DHA of green leaf was a better predictor of DM intake than DHA. And, PDMI will 
be predicted more accurately when using the DHA of green leave. Thus, increasing leaf 
blades mass at the bottom of the sward by appropriate grazing management in early 
spring may play a major role in increasing PDMI while maintaining a low residual SH 
over the entire grazing season and increasing herbage utilization. 
 Applying a high SR in spring grazing produces swards with higher tiller density, 
higher live/dead tiller ratio and improved herbage digestibility to a continuously grazed 
pasture (Baker and Leaver, 1986). Korte (1981) and Holmes and Hoogendoorn (1983) 
showed that swards which were laxly grazed in spring had a higher proportion of stem 
and dead material in summer than swards which were grazed more severely. 
Therefore, leafy vegetative swards were obtained by severe grazing in spring, which 
removed reproductive tillers. Swards that had a higher proportion of stem and dead 
material had a lower digestibility (Korte et al., 1984). According to these findings, it 
was concluded that severe spring grazing management of perennial ryegrass dominant 
pastures should aim to leave low residual HM as this would result in a leafy vegetative 
sward in summer. Figure III.3.1.2. shows that the HM is dependent of grass growth and 
growth less senescence rate of pasture gives the net production in grazed swards. 
 
Figure III.3.1.2. Relationship between herbage mass and leaf growth, leaf senescence, 




III.3.1.1.- Grass as a Main Source of Nutrients for Milk Production  
 
 The grazing systems try to maximize intake per cow. The amount of herbage 
consumed is the major determinant of herbivore production, yet is one of the most 
difficult aspects of forage quality to determine or predict (Buxton et al., 1996). To 
maximize PDMI, animals need to consume plants that have characteristics that allow 
rapid consumption and lead to fast rates of passage through the rumen. Rook (2000) 
defined intake of herbage as the product of bite mass and bite rate, and time spent 
grazing as the product of meal duration a number of meals per day. The following 
formula is being applied to determine the PDMI:  
Daily pasture DM intake = (bite mass x bite rate) x (meal duration x number of meals) 
 The major regulators of PDMI by herbivores include: physical limitations, 
physiological control and psychogenic factors (Mertens, 1985). Rates of digestion and 
passage of indigestible particles through the digestive tract is slow in ruminants so that 
the physical capacity of the digestive tract, particularly the reticulo-rumen, limits 
intake of certain forages. Forbes (1993) suggested that increasing speed and/or extent 
of digestion and the rate of passage of particles such as by grinding, increases intake. 
Blaxter et al. (1956) reported also positive relationships between intake and 
digestibility. This means that plant species or parts having high digestibility are 
consumed to a greater extent than those with a lower digestibility (Thompson and 
Poppi, 1990). The filling effect of herbage is related to the volume of ruminal contents 
(Buxton et al., 1996), and to the proportion of cell wall constituents or NDF of the 
forage (Van Soest, 1965). The percent of cell wall content of forages has a negative 
correlation (-0.83) to PDMI according to values reported by Van Soest (1971). 
Furthermore, the voluntary DM intake (VDMI) is usually lower for grasses than for 
legumes. Harris et al. (1997) showed that PDMI of cows eating 50 and 80% clover was 
11% higher than for 20% clover diets. Minson (1990) also obtained a linear relation 
between VDMI and the proportion of legumes in a mixed pasture.  
 Physiological control of intake is based on the concept that animals regulate 
intake to meet their energy demand (Forbes, 1993). This is unlikely to occur with high 
producing lactating cows under a grazing situation. Hodgson et al. (1977) implied that 
-148- 
 
under ideal grazing situations, where quantitative sward limitations are minimized, 
intake increases as digestibility of the forage increases, until reaching levels of OM 
digestibility close to the maximum for fresh herbage. Thompson and Poppi (1990) also 
showed that animals grazing legumes had a lower amount of material in the rumen 
and a higher intake, yet the intakes were not sufficient for the animals to reach their 
genetic potential for growth. Animals on legume pastures appear not to have reached 
a physical upper limit to distention or an upper limit to energy metabolism. In contrast, 
animals on grass pastures appeared to be closer to a physical upper limit. 
 Psychogenic factors are important regulators of VDMI in ruminant animals, 
especially in high producing dairy cows under grazing conditions. In this case, PDMI can 
be affected by sward characteristics, and environmental and management factors. 
Sward mass, height, and uniformity are one of the main variables that can significantly 
affect PDMI by ruminants. Intake per bite is the primary animal response to variations 
in the physical characteristics of the sward canopy and has been shown to be positively 
related to HM, SH, DHA, SR, GP and herbage utilization (Hodgson, 1986).  
 Among the main factors influencing the ability of ruminant animals to consume 
high intakes of herbage in pasture-based systems are also the environmental factors. 
The effect of temperature on feed intake of ruminants has been reviewed by Webster 
(1976). Food intake decreases at high temperatures and increases at low temperatures 
(Ragsdale et al., 1950). MY may decrease at temperatures above 18oC and food intake 
above 26oC (Head et al., 1976) due in part to the direct effects of thermal stress on the 
cow causing suppression of activity and the indirect decline is due to the quality of the 
forage. Furthermore, forages grown under high temperatures have a higher stem to 
leaf ratio. Animals will select leaves, instead of consuming the whole plant, and bite 
size and rate of intake will decrease. Also, the rate of maturation rises with 
temperature; alfalfa grown at 17oC took 52 days to reach early bloom but only 21 days 
at 32ºC (NRC, 1981). Light intensity is another factor that affects forage composition 
and indirectly PDMI. At high light intensity, WSC increase and cell wall carbohydrates 
decrease (Van Soest, 1994). Both temperature and light intensity variations during the 
grazing season will indirectly affect PDMI by changing PDMI, plant digestibility and NDF 
content. However, in practice the effects on intake and performance are less than 
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predicted from controlled-temperature studies, because cows compensate lower 
daytime intake by night-time grazing. Moreover, sward factors that influence on 
grazing system such as SR, GP, DHA, pre- and post-grazing SH, herbage utilization and 
type and amount of supplement are other factors that affect PDMI.  
 
III.3.1.2.- Methods and Equations for Determination of Pasture Intake 
 
 The development of reliable methods of measuring individual animal intake at 
pasture is essential for the development of efficient grazing management systems. 
Various methods have been proposed to estimate daily intake of herbage during 
grazing, namely the faecal output/diet digestibility method (Langlands, 1975), sward 
difference method (Walters and Evans, 1979) and the grazing-behaviour method 
(Forbes and Hodgson, 1985). For the majority of situations, methods based on the use 
of faecal output/diet digestibility appear to be the most reliable as they combine 
simplicity of sampling with a high degree of precision (Peyraud, 1996a).  
 Sward difference techniques have many limitations in terms of individual 
animal intake estimations because each animal has to be grazed separate, correcting 
for growth of herbage occurring while grazing, and differences in cutting height before 
and after grazing. This method may be extremely inaccurate on heterogeneous swards, 
while for short grazing periods with clean homogeneous swards it may be optimal. 
Methods based on grazing behaviour should be reserved to more analytical types of 
studies concerning relationship between animal and sward structure.  
 Methods based on faecal output/diet digestibility are more suitable for intake 
estimates that span a number of days and give some indication of the animal-to-
animal variability. The marker most commonly used to measure faecal output up until 
recently was chromium sesquioxide ether suspended in oil in gelatine capsule 
(Raymond and Minson, 1955) or as shredded paper impregnated with Cr2O3 (Corbett 
et al., 1958). The main concern with this technique was the possibility of diurnal 
variation and its consequential error in estimation of faecal output. To overcome this 
source of error, controlled-released devices have been developed (Ellis et al., 1982). 
The other component of the equation is herbage digestibility, which would be ideally 
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estimated using an ingestible marker naturally occurring in the herbage providing an 
individual-animal estimate. Although many plant components have been evaluated as 
“internal marker” digestibility markers (Kotb and Luckey, 1972), none have proven 
satisfactory due mainly to difficulties with analysis as a chemically discrete entity.  
 As a consequence herbage digestibility is usually estimated using in vitro 
procedures previously calibrated with in vivo measurements (Tilley and Terry, 1963). 
Dove and Mayes (1991) identified three possible sources of error with in vitro 
procedures: (1) the relationship between in vitro and in vivo estimates may not apply 
to the test animal as estimates are frequently established with mature animals for near 
maintenance; (2) even if the relationship is applicable, only a single digestibility value is 
applied to all test animals, regardless of differences that may result due to the level of 
intake or supplement intake; (3) individual test animals may select a diet that differs in 
digestibility to that used in chemical analysis. These factors can be large sources of 
error in the estimation of PDMI, since a small error of digestibility (with highly 
digestible grass) can lead to larger errors in the estimate of intake (Langlands, 1975). 
 In recent times plant wax components, namely n-alkanes, have been suggested 
as markers for the estimation of PDMI (Mayes et al., 1986; Dillon and Stakelum, 1989). 
Faecal recovery of long-chained n-alkanes was incomplete, but Mayes et al. (1986) 
argued that this incomplete recovery would not matter if the animal were dosed with 
a synthetic, even chained alkane as an external marker for the estimation of faecal 
output, provided the pair of natural (odd-chain) and synthetic (even-chain) alkanes had 
similar faecal recoveries. There is now a considerable body of information supporting 
the assumption that satisfactory results are obtained if intake is estimated using 
natural n-alkane C33 and dosed C32 n-alkane (Dove and Mayes, 1991; Ferreira et al., 
2007; Oliván et al., 2007). The accuracy of the estimates of intake obtained using 
herbage and faecal alkane concentrations also depends on obtaining a representative 
sample of the consumed herbage, accurate administration of synthetic alkanes to 
grazing animals, dosing procedures and obtaining a representative sample of faeces 
plus sample preparation and extraction for alkane analysis. The major advantage of the 
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n-alkane technique is that the estimate of intake is on an individual-animal basis and 
also compatible with studies where grazing test animals are fed supplements.  
 Equations for Estimation of Pasture Intake. Because determination of PDMI by 
ruminants demands the use of labor-intensive and indirect techniques that have 
several sources of error, equations based on animal and sward characteristics have 
been developed to predict PDMI of cows.  
 Caird and Holmes (1986) used data from 9 experiments conducted with dairy 
cows grazing perennial ryegrass, consuming 1.2 kg/day of concentrate, and producing 
21.5 kg/day of milk on average to predict total DM intake (TDMI). Animal variables 
included total OM intake (TOMI, kg/day), herbage OM intake, concentrate DMI (CDMI, 
kg/day), BW (kg), milk yield (MY, kg/day), herbage OM digestibility, and week of 
lactation. Pasture variables included herbage mass (HM, t of OM/ha), DHA (kg 
OM/cow/day), and SH (SHT, cm). For rotationally grazed cows the best equation 
recorded (r2 = 0.68) was: TOMI = 0.323 + 0.177MY + 0.010BW + 1.636CDMI − 1.008HM 
+ 0.540DHA − 0.006DHA2 − 0.048DHA × CMDI.  
 Vázquez-Yáñez and Smith (2000) used data from 27 grazing studies with dairy 
cows to obtain regression equations to predict TDMI and PDMI. Mean milk production 
and supplementation amount were 15.9 and 1.9 kg/day, respectively. Independent 
variables included 4% FCM (kg/day), days since calving, DHA (kg DM), NDF in pasture 
available (NDFp, % DM), NDF in pasture selected (NDFs, % DM), percentage of legumes 
in pasture (LEG, %), amount of concentrate supplemented (kg DM), amount of forage 
supplemented (kg DM), total supplementation (SUP, kg DM), DHA and total 
supplementation interaction (DHASUP), BW (kg), and change in BW (CBW, kg/day). The 
best equation (r2 = 0.95) for TDMI estimation was: TDMI = 4.47 + 0.14FCM + 0.024BW 
+ 2.00CBW + 0.04DHA + 0.022DHASUP + 0.10SUP − 0.13NDFp − 0.037LEG. The best 
equation to estimate PDMI (r2 = 0.91) was the following: PDMI = 4.47 + 0.14FCM + 
0.024BW + 2.00CBW + 0.04DHA + 0.022DHASUP − 0.90SUP − 0.13NDFp − 0.037LEG.  
 Equations developed by Caird and Holmes (1986) and Vázquez-Yáñez and Smith 
(2000) differ from the equation gave by NRC (2001). While those equations included 
pasture and supplement variables, the NRC (2001) equation is based on animal 
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variables such as FCM (kg/d), BW (kg), and week of lactation (WOL) following the 
expression: DMI = (0.372 × FCM + 0.0968 × BW0.75) × (1 − e (−0.192 × (WOL + 3.67)).  
 Bargo et al. (2002b) used a dataset of 56 measures from who measured DM 
intake four times during the grazing season using Cr2O3 as a fecal marker in dairy cows 
that grazed an orchadgrass pasture and were supplemented with 8.7 kg/day of a corn 
based concentrate. Cows, pasture and supplement information reported in that study 
were used to estimate TDMI with the equations of Caird and Holmes (1986), Vázquez 
and Smith (2000) and NRC (2001). TDMI estimated by the equations of NRC (2001) 
(21.9 kg/day) or Caird and Holmes (1986) (21.2 kg/day) did not differ from that 
measured by Cr2O3 (21.6 kg/day) (p>0.05), but estimation of TDMI by the equation of 
Vázquez and Smith (2000) (24.4 kg/day) was higher than measured TDMI (p<0.05). This 
indicates that estimation of TDMI using the equations of Caird and Holmes (1986) and 
NRC (2001) was accurate for this particular dataset with high producing cows, with the 
advantage that the NRC (2001) equation is simpler and it only requires animal factors. 
 
III.3.1.3.- Milk Urea Content: The Energy-Protein Balance 
 
 Several studies have shown that milk urea nitrogen (MUN) concentration is 
being considered as a practical tool to monitor and adjust ration energy-protein 
balance and it provides an opportunity to reduce feed costs and to improve 
profitability of a dairy herd (Oltner and Wiktorsson, 1983; Roseler et al., 1993; Baker et 
al., 1995; González-Rodríguez et al., 2001, 2008). It is also being used as an 
uneconomical, noninvasive system to assist in monitoring the protein status of animals 
(Vázquez-Yáñez, 2007). This type of monitoring can play an important role in dairy 
herd management, because: 1) excess protein (N) intake may impair reproductive 
performance; 2) consumption of excess CP increases energy requirements; 3) protein 
supplements are costly feed ingredients; and 4) excess N excretion.  
 MUN is highly correlated with blood urea nitrogen (BUN) (DePeters and 
Ferguson, 1992; Baker et al., 1995; Hof et al., 1997) which is a product of the CP 
metabolism. CP percentage, excess N intake, and ruminal ammonia are positively 
correlated with MUN (r2=0.84, r2=0.77 and r2=0.57, respectively) (Broderick and 
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Clayton, 1997). However, DePeters and Ferguson (1992) and Broderick and Clayton 
(1997) suggested that the relationship between MUN and protein:energy ratio in the 
diet (r2= 0.96 and 0.93, respectively) is greater than MUN to each component 
individually. Thus, MUN usually increases as the ratio between protein and energy 
intake increases (Hof et al., 1997). Excess N supplied to the rumen or to post-ruminal 
tissues increases the concentration of BUN and MUN above baseline values and 
increases the excretion of urea in urine. This suggests N wastage and inefficiency of 
protein feeding (Baker et al., 1995). Furthermore, high endogenous concentrations of 
urea have been associated with impaired fertility, reduced energy availability, 
environmental pollution concerns and economic losses (Roseler et al., 1993). 
 Protein metabolism has a major influence on milk production and N balance in 
grazing dairy systems. The level of CP in pastures is an indication of the potential MY in 
grazing dairy cows. CP content and quality in pastures varies with the type, stage of 
maturity and fertilization of pasture. Usually pastures show a high level of CP during 
early spring and a high level of CP degradability in the rumen (Hoffman et al., 1993). 
Higher levels of CP in pasture usually represents an increment in milk production when 
all the rest of the nutrient requirements are covered, but it has been also observed 
that too high CP levels in the ration (higher than 19%) can produce a reduction on 
reproduction performance (Staples et al., 1992) and health problems. The response to 
different levels of CP is affected by the degradability of the CP in the rumen (Broderick, 
1995) and its amino acid composition. Net energy and non-fibre carbohydrates content 
of the ration are important factors involved in CP metabolism (Broderick, 1995).  
 Figure III.3.1.3. illustrates the relationships between CP in the diet, ammonia in 
the rumen, BUN and MUN. Ammonia is produced when CP is degraded in the rumen. 
Ideally, rumen microbes capture this ammonia to make microbial protein. But to do 
this efficiently, they require adequate amounts of energy-yielding fermentable 
carbohydrates, commonly estimated in the feed as non-structural or non-fibre 
carbohydrates. When degradable CP is fed in excess, ammonia which is not captured 
by the microbes is absorbed through the rumen wall into the bloodstream. Blood 
draining from the digestive system travels directly to the liver which detoxifies 
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ammonia by converting it to urea. The production of urea from ammonia also requires 
aspartic acid, one of the amino acids absorbed in the small intestine from the digestion 
of bypass and microbial proteins. And the N removed from other amino acids which 
are absorbed in excess or used to support milk lactose production is also converted to 
urea by the liver. The urea produced by the liver enters then the circulation. From here 
it may be excreted in urine, recycled into the rumen or absorbed by the mammary 
gland. Increased liver urea synthesis can result from excess dietary degradable or 
undegradable protein or a relative deficiency of fermentable carbohydrate required by 
the rumen microbes to capture ammonia. 
 
Figure III.3.1.3. Cow urea metabolism (Vázquez-Yáñez and González-Rodríguez, 2006).  
 
 Based on experimental studies, a number of other factors in addition to feed 
intake and dietary composition are also known to be related to MUN concentrations. 
Such factors are stage of lactation, DIM, BW, parity, breed, MY of the cow, sampling 
time, method of analysis, diurnal variation and seasonal variation. Only a few studies 
have been published that have used field data from several herds and have evaluated 
non-nutritional factors affecting MUN (Eicher et al., 1999; Godden et al., 2001). 
However, when interpreting MUN values in field conditions, these other factors 




III.3.2.- Feeding Supplements at Pasture 
 
 In practice, grassland management factors are critical in achieving high animal 
performance and intake at pasture because they interact with the environmental, 
plant and animal factors. The sward structure is affected by several factors as SR, pre- 
and post-grazing SH, herbage utilization and DHA, with variable responses depending 
also than animals have or not supplements as concentrates or other forages. 
 Supplementation during pasture shortage. In periods of grass shortage, for 
example as a result of mid-summer drought, provision of supplementary feeds results 
in increased TDMI and improved animal performance. A range of alternative feeds 
have been used in this situation, including forage supplements such as grass or maize 
silage, or concentrate supplements based on cereals or by-product feeds. Results 
presented by Phillips (1988) showed that buffer feeding, i.e. offering forage 
supplements once or twice per day after milking, increased MY relative to pasture only 
when grass availability was restricted. A further advantage of the buffer feeding 
approach, under conditions of grass shortage, is that it reduces the use of available 
herbage, preventing the spiral into acute grass shortage. Consideration should also be 
given to zero-grazing as a means of providing additional grass during periods of grass 
shortage on the core grazing area. A key feature of supplementation during periods of 
grass shortage is the need to monitor grass supply frequently and to remove the 
supplementary feed when grass supply returns to target. 
 Supplementation when adequate grass is available. The primary objective of 
effective grazing management, which can only be achieved by grass budgeting through 
the season, is to provide a high DHA of high quality grass right through the season. In 
this situation, feeding of supplements reduces the animal’s motivation to graze and 
PDMI is reduced. A number of studies have indicated that the extent of the depression 
in intake is related to supplement type and the production potential of the animal. In 
general, greater depressions in PDMI are obtained with forage supplements (i.e. grass 
or maize silage) reflecting the greater rumen fill effect compared with concentrates, 
and depressions are also greater with low compared with high producing animals. 
Consequently, decisions on supplementation at pasture when pasture is available ad 
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libitum primarily involve establishing the levels of performance which can be sustained 
from a range of DHA, relative to the production potential of the animal. One example 
of this approach, reported by Leaver (1982), involved using grass height measurements 
under continuous grazing as an indicator of the need for supplementary feeding. In this 
study, concentrates were offered when the sward surface height declined below 11.0, 
9.0 or 6.9 cm, at the rate of 1 kg/cow/day for each 0.2 cm decline below these 
threshold levels. Leaver (1982) concluded that SH monitoring could be used as an 
indicator of when supplementary feeding was necessary. 
 
III.3.2.1.- Substitution Rate and Milk Response at Pasture  
 
 Most grazing studies indicate that one of the key factors influencing 
substitution rate (SRt) at pasture, defined as kg reduction in PDMI per kg increase in 
supplement DM intake, is herbage availability. Responses to supplementation at 
pasture are dependent upon the effects of supplementation on PDMI. When DHA is 
high, supplementation results in a large substitution effect with a small increase in 
TDMI, SRt is around 0.6 kg per kg increase in supplement resulting in milk response 
(MR) between 0.4 and 0.6 kg milk per kg increase in concentrate DM intake (Journet 
and Demarquilly, 1979; Leaver, 1985; Mayne, 1991).  
 Nevertheless, Bargo et al. (2002a) and Horan et al. (2005) have obtained an 
efficiency of over 1 kg of milk per 1 kg DM of concentrate. Meijs (1981) and Hijink et 
al. (1982) have also reported that the SRt increases slightly with the amount of 
concentrate when fresh grasses are fed indoors; but grazing trials failed to obtain this 
response (Meijs and Hoekstra, 1984; Kibon and Holmes, 1987; Opatpatanakit et al., 
1993). The reduction in PDMI is essentially mediated by a reduction of 10-20 min. per 
kg concentrate DM in time spent grazing (Combellas et al., 1979; Kibon and Holmes, 
1987). Kellaway and Porta (1993) suggested that long-term factors should be 
considered in an economic evaluation of supplementation at pasture. These factors 
include an increase in SR, improvement in herbage utilization, positive effects on BCS 
and reproduction, increase in lactation length and positive effects on milk composition. 
In contrast, when DHA is reduced, SRt is lower and the response in milk and daily 
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intake is increased. When grazing cows are offered concentrate, PDMI is reduced as a 
result of herbage substitution, unless DHA is severely restricting intake.  
 SRt is also positively correlated with herbage digestibility (Grainger and 
Mathews, 1989) and this explains why production responses to supplementation are 
lower in spring and higher later in the season, and on swards with a lower proportion 
of green leaf. Similarly, because mean PDMI does not differ between strip-grazing and 
rotational grazing, the efficiency of supplement is independent of the grazing 
management (Hoden et al., 1987). A higher response to concentrate is achieved when 
a low DHA is offered or when the pre-grazing SH is low (Wilkins et al., 1995). Bargo et 
al. (2002a) found a 2 kg/day decrease in PDMI at a low DHA (26.7 kg DM/cow/day) and 
a decrease of 4.4 kg/day when a high DHA (48.9 kg DM/cow/day) was offered in 
conjunction with concentrate (7 kg DM/cow/day). Robaina et al. (1998) showed a 
higher response to concentrate when animals in mid-late lactation were offered a low 
compared to a high DHA. Hoden et al. (1991) informed an increase in milk production 
response from 0.5 to 0.8 kg milk per kg DM of concentrate with increasing SR from 2.3 
to 3.0 cows/ha. On high DHA, the response of MY reaches a plateau after 4 kg whereas 
on low DHA there is a linear response up to 6 kg of concentrates. Moreover, when 
feeding concentrate, the decrease in acetate to propionate ratio in the rumen is more 
pronounced on high (2.6 to 1.9) than on low DHA (2.7 to 2.5) because the cows have 
access to a more leafy diet, which is more rapidly fermented. Hence the effect of 
concentrate on milk fat content is higher on high than on low DHA. 
 Higher SRt and lower MR are usually observed with forage supplements due to 
higher forage fill value, with high DHA. Nonetheless, there is a wide variation in 
responses to supplementary feeding at pasture, depending on grazing conditions, 
production potential of the grazing animal and level of supplementation. Thus, it 
appears that there is scope for substantial improvement in response to supplementary 
feed inputs at grazing providing that concentrate inputs should be defined according to 
the grazing conditions which determine the EB of the unsupplemented cows. High 
yielding cows have a greater nutrient demand and this is reflected in increased PDMI 
when DHA is high, with incremental increases in PDMI when DHA is high, will 
incremental increases in intake ranging from 200 to 300 g OM (Peyraud et al., 1996c) 
-158- 
 
to 460 g OM (Stakelum, 1993) per kg increase in milk. As MY increases, the incremental 
increase in PDMI tends to decrease, as a result of behavioral constraints and, thus, the 
increase in intake provides only half to two thirds of the NEL requirement per kg of 
additional milk produced for high yielding cows. Consequently, high yielding cows 
produce a greater response to concentrate supplementation, with Hoden et al. (1991) 
observing daily responses of 0.55, 0.77 and 0.84 kg milk per kg DM of concentrate for 
cows yielding 25, 30 and 35 kg milk/day, respectively at turnout. 
 MR is inversely related to SRt affected by DHA, with high PDMI when low levels 
of concentrate are fed and with MY when high levels of concentrate are fed. Data in 
Figure III.3.2.1.1. were simulated from several experiments with cow characteristics: 
peak MY 40 kg, DIM 140, BW 600 kg, and the characteristics of ryegrass swards (> 5 
cm) were OM digestibility 0.80, CP content 180 g/kg DM and HM 2.0 t DM/ha.  
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Figure III.3.2.1.1. Effect of concentrate supplementation on herbage intake, milk yield, 
substitution rate and milk response to increasing herbage allowance by grazing dairy 





















 From a review of the literature up until the early 1990s, average SRt published 
were around 0.6, resulting in an efficiency of 0.4 to 0.6 kg of milk per kg of concentrate 
DM (Journet and Demarquilly, 1979; Meijs, 1981; Leaver, 1985; Stakelum et al., 1988). 
However, most of these studies were carried out with low to moderate yielding cows 
in the region of 15 to 25 kg per cow per day. Since the late 1990s, lower SRt and higher 
efficiencies have been observed than those published previously, with an average 
substitution rate of 0.40, resulting in an efficiency of 0.92 kg of milk per kg of 
concentrate. The higher MR to concentrate supplementation with HGM cows may be 
attributed to greater nutrient partition to milk production than with LGM cows. 
 Grazing studies conducted with high producing dairy cows have shown an 
inconsistent relationship between the amounts of supplement and the MR and SRt. 
Kellaway and Porta (1993) have suggested that SRt increases with the amount of 
concentrate. Peyraud and Delaby (2001), however, reported that in the range of 2 to 6 
kg DM/day, amount of concentrate had no consistent effect on SRt. Over four studies, 
three studies showed a negative relationship between MR and SRt. In contrast, Dillon 
et al. (1997) reported results from 2 years showing reductions in SRt and MR for cows 
grazing ryegrass pasture when the amount of supplementation was increased from 2 
to 4 kg DM/cow/day. The marginal MR to increasing amounts of concentrate has been 
described as curvilinear; i.e., the marginal increase in milk per kilogram of concentrate 
decreases as the amount of concentrate increases (Kellaway and Porta, 1993). 
Marginal MR decreased above 3 to 4 kg DM/cow/day of concentrate in some studies, 
but this is not consistent and occurred when pasture quality and quantity were not 
limiting and with dairy cows of moderate genetic merit (Peyraud and Delaby, 2001).  
 Grazing studies evaluating the effect of DHA on SRt and MR of high producing 
dairy cows reported that SRt increased and MR decreased as DHA increased (Meijs and 
Hoekstra, 1984; Stockdale and Trigg, 1985; Stakelum, 1986a, 1986b; Grainger and 
Mathews, 1989; Stockdale, 1999; Robaina et al., 1998; Bargo et al., 2002a). Many of 
these studies were conducted with low producing cows supplemented with less than 5 
kg DM/cow/day of concentrate; only the study of Bargo et al. (2002a) reported high 
producing cows fed more than 7 kg DM/cow/day of concentrate. When stratifying the 
treatments in those studies as either low DHA (<25 kg DM/cow/day; range: 7.6 to 25 
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kg DM/cow/day) or high DHA (>25 kg DM/cow/day; range: 25 to 42.3 kg DM/cow/day), 
SRt averaged 0.20 kg pasture/kg concentrate (range: 0 to 0.31 kg pasture per kg 
concentrate) at low DHA, and 0.62 kg pasture per kg concentrate (range: 0.55 to 0.69 
kg pasture/ kg concentrate) at high DHA. Considering the study effect as random (St-
Pierre, 2001), a significant regression was found between SRt (kg pasture per kg 
concentrate) and DHA (kg DM/cow per day): SRt= − 0.55 (SE 0.13) + 0.05 (SE 0.009) PA 
− 0.0006 (SE 0.0002) DHA2 (r2=0.94) and a negative relationship between MR (kg 
milk/kg concentrate) and SRt (kg pasture/ kg concentrate) was found: MR= 1.71 (SE 
0.29) − 2.01 (SE 0.66) SRt (r2= 0.43), indicating that the lower the SRt the higher the MR 
expected (Figure III.3.2.1.2.). This agrees with Stockdale (2000), who summarized data 
from 20 grazing experiments and reported that MR was negatively related to SRt. 
 
Figure III.3.2.1.2. Relationship between milk response to concentrate (kg milk/kg 
concentrate) and substitution rate (kg pasture/kg concentrate) by grazing dairy cows 
from studies at different daily herbage allowances (  Bargo et al., 2002a;    Robaina et 
al., 1998;    Stockdale, 1999). (Data presented were reported by Bargo et al., 2003). 
 
III.3.2.2.- Supplements: Forage (Grass and Maize Silage) and Concentrate 
 
 Grass silage is regularly used to supplement cows mainly if they are housed by 
night due to inclement weather conditions or low grass growth. In a review of the use 
of conserved forages as a supplement during the grazing season, Phillips (1988) 
concluded that under situations where ample grass was available, supplementation 
with grass silage reduced both MY and protein yield with variable results on fat yield. 
Supplementation with grass silage under these conditions also resulted in a large 
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reduction in PDMI. The large substitution effects obtained appear to be the result from 
reduction in grazing time of 43 min. per day for each kg of silage DM consumed. In 
these situations, supplementary forage feeding could result in under utilization of the 
grazed grass area and consequent deterioration in sward structure and composition.  
 Under good grazing conditions, giving conserved forages as a buffer feed, 
result in SRt over 0.9 and very low MR or even a decrease in MY (Bryant and Donnelly, 
1974; Leaver, 1985). Thus, conserved forages must be provided only during periods of 
grass shortage or in the areas where availability of grass is not sufficient. Therefore, 
TDMI increases and the response to supplementary forage is much higher in summer 
than in spring (Phillips and Leaver, 1985). In Galicia, the maize and ryegrass crops have 
showed a greater silage production than the grass only systems that allow improving 
the SR from 2.1 to 2.7 cows per ha while maintaining individual milk performances 
(Mosquera-Losada and González-Rodríguez, 1998). 
 The provision of supplementary feed in addition to grass silage normally results 
in a reduction in silage intake, with typical SRt ranging between 0.3 and 0.7 kg 
reduction in silage DM intake per kg increase in concentrate DM intake. Mayne and 
Peyraud (1996) have shown that SRt is highly correlated with the intake of silage as a 
sole feed, although this relationship is also influenced by supplement type. 
Consequently, with high intake potential silages, increases in supplement feed level 
will result in higher SRt and lower production responses than those obtained with low 
intake silages. More consideration is now being given to formulating supplementary 
feeds which act as true complementary feeds with high quality grass silage.  
 Another forage supplement for lactating dairy cows under grazing systems is 
maize silage. Holden et al. (1995) conducted a study to determine the effects of 
supplementation of high producing Holstein cows with 2.3 kg/day of corn silage DM in 
addition to grain (1 kg of grain DM per 4 kg of milk) based on milk production at the 
start of the trial. Cows supplemented with maize silage had significant lower PDMI 
than the control group (11.5 vs. 14.2 kg DM). No significant difference occurred in 
TDMI (22.5 vs. 22.7 kg DM). Maize silage supplementation also showed a positive 
effect on milk production when the amount of pasture offered was low (Stockdale, 
1994). However, where DHA was adequate, supplementation with corn silage reduced 
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PDMI and resulted in similar TDMI and similar milk production (Holden et al., 1995). A 
study conducted by Burke et al. (2008) which offered autumn calving dairy cows a low 
DHA (14.6 kg DM/cow/day > 4cm) in combination with 4 kg DM of either maize silage 
or concentrate during the early spring period reported a SRt of < 0.5 which ensured a 
high level of herbage utilization and a high response to offered supplement.  
 The effects of feeding concentrate on cow performance in relation to SR were 
reviewed by Peyraud and Delaby (2001). Efficient response of one kg of milk to one kg 
of concentrate is now reached when the amount of concentrate per cow does not 
exceed 6 kg/day. Moreover, the efficiency of supplementation at grazing appears to be 
closely related to EB of the cows, and it increases when PDMI is restricted through 
increased SR, with economic returns depending of the concentrate to milk price ratios 
and most often positive. Therefore, feeding concentrate can be a very efficient tool to 
maintain a high SR and good sward management, which allows the control of post-
grazing SH while achieving high MY per cow and per ha with high economic returns. 
 The effects of concentrate type on MR at pasture are extremely variable. 
Delaby and Peyraud (1999b) estimated that milk production response reached a 
plateau at 4 kg DM/cow/day of concentrate when DHA was high; whereas when 
herbage was restricted there was a linear response up to 6 kg DM/cow/day of 
concentrate. The interaction between level of concentrate supplementation and DHA 
on milk production response can be substantial. SR increases with increasing pasture 
availability, from 0 for high GP to 0.6 – 0.8 for low GP (Stakelum et al., 1988; Stockdale, 
2000; Peyraud and Delaby, 2001). The efficiency and the SR, is influenced by a large 
range of factors such as DHA, herbage composition, concentrate feeding level, 
concentrate composition and potential MY of the cows evaluated (Bargo et al., 2002a). 
 Delaby and Peyraud (1994) observed that energy source in the concentrate 
(starch or fibre and rate of degradation) had little effect on milk output and 
composition when moderate levels (2-4 kg DM/cow/day) of concentrates are fed. 
Compared with wheat, fibre concentrate slightly increased fat content (+1.3 g/kg) and 
decreased protein content (-0.5 g/kg) (Delaby and Peyraud, 1994). The nature of 
energy does not appear to affect the SRt when fresh grass is fed indoors. In pasture, 
PDMI was shown to be about 1 kg higher when cows are supplemented with 5 kg 
-163- 
 
DM/cow/day of high fibre concentrate compared with 5 kg DM/cow/day of high starch 
concentrate (Kibon and Holmes, 1987), probably because net energy content is lower 
for fibrous than for starch concentrate. On more severe grazing conditions there is no 
effect of the source of energy on PDMI and MY (Kibon and Holmes, 1987; Delagarde et 
al., 1999). The implication of this result is that there is little improvement to be 
expected by modifying the nature of energy at grazing when low concentrate amounts 
are given. However, the effect of the energy source becomes more pronounced when 
more than 8 kg DM/cow/day of concentrate are fed by grazing dairy cows. 
 To avoid metabolic health problems such as acidosis or subclinical acidosis, it is 
not recommended to supplement more than 10 kg DM/cow/day (or >50% of the total 
diet DMI). At that limit, decreased marginal MR traditionally observed when 
supplementation is increased did not occur with high producing cows. Another factor 
that needs to be considered is the sward quality. The NDF was >50% in several studies, 
suggesting that high fibre intake may allow for feeding high amounts of concentrate. 
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RESUMEN CAPÍTULO III.3. 
El desafío de los sistemas basados en pastoreo consiste en lograr altas 
ingestiones de hierba, que cubran en lo posible el potencial productivo del animal. Las 
características del pasto afectan a la actividad fotosintética y dinámica del rebrote, por 
lo cual el sistema de manejo tiene también un gran impacto en el consumo de forraje, 
valor nutritivo, eficiencia de pastoreo y en la optimización de la productividad animal. 
La producción de forraje de una pradera representa el balance entre la tasa de 
crecimiento y la de pérdida de tejido vegetal por senescencia o descomposición y se la 
denomina pasto neto (Bircham y Hodgson, 1983). Para optimizar una producción de 
hierba de calidad conviene controlar los factores que influyen en el crecimiento de las 
especies forrajeras, como la frecuencia e intensidad de pastoreo, ya que el animal 
produce leche cuando consume el pasto neto, que ha crecido durante unos 20-30 días, 
y no con el pasto en oferta que puede provenir de rotaciones anteriores con baja 
calidad. El manejo de la pradera es el conjunto de toma de decisiones basadas en el 
conocimiento de la interacción pasto-animal para lograr un aprovechamiento eficiente 
del pasto y, así conseguir el máximo potencial productivo del pasto conjugado con 
ofertarle al animal una hierba de calidad (Dillon, 2006). El objetivo del manejo es 
obtener altas ingestiones por animal, con una oferta de pasto que no debe ser muy 
elevada, lo que supone alta calidad y permite un buen rebrote en las sucesivas 
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rotaciones. Factores como la biomasa de hierba en oferta, la carga ganadera, la 
presión de pastoreo, la disponibilidad diaria de hierba, la estructura y composición 
morfológica del pasto, condicionan la oferta y disponibilidad del pasto para el animal y 
dictan las decisiones de manejo en pastoreo (Hodgson, 1986), afectando en conjunto a 
la ingestión de materia seca del pasto y a la producción de leche.  
La carga ganadera determina los parámetros de intensidad de defoliación y 
tiempo de reposo de las parcelas y, por ello, la evolución de la composición botánica 
del pasto. La capacidad de selección del animal afectará a estas relaciones ya que 
cuanto menor sea la intensidad de pastoreo, mayor será la capacidad de selección del 
pasto por parte del animal. El establecimiento de una adecuada carga ganadera en la 
que se logre una alta utilización de la hierba, manteniendo un pasto de calidad, resulta 
crítico para cubrir las necesidades del animal en la lactación (Mott, 1960; McMeekan y 
Walshe, 1963; Greenhalgh et al., 1966; Greenhalgh et al., 1967; McFeely et al., 1975; 
Le Du et al., 1979; Combellas y Hodgson, 1979; Journet y Demarquilly, 1979; McCarthy, 
1984; Hoden et al., 1991; Peyraud et al., 1996c; O’Donovan et al., 2004). La calidad del 
pasto varía al avanzar la estación de pastoreo, tras cada intervalo de defoliación se 
observan cambios en la estructura del pasto que determinan la composición 
morfológica, y es un gran reto para estos sistemas alcanzar niveles óptimos de oferta y 
disponibilidad diaria de hierba que resulten eficientes para lograr una alta ingestión 
de nutrientes de calidad y que ello repercuta en una producción de leche que sea 
rentable (Dillon, 2006). Se trata de mantener un adecuado número de animales por 
unidad de superficie productiva, presión de pastoreo, durante el período de 
crecimiento, como una herramienta útil para el manejo, que mejora la calidad del 
pasto (Stakelum y Dillon, 1990). La ingestión de nutrientes por el animal está 
condicionada por la estructura del pasto, definida como la proporción de hojas, tallos 
y material senescente presente en el pasto, que proporciona alta calidad y 
digestibilidad de la hierba para producir leche (Stakelum y Dillon, 2007a, b).  
El conocimiento de la ingestión de pasto es un desafío en los sistemas de 
pastoreo, con laboriosos métodos para su determinación (Langlands, 1975; Walters 
and Evans, 1979; Forbes y Hodgson, 1985; Mayes et al., 1986; Dillon y Stakelum, 1989; 
Dove y Mayes, 1991). Varios autores (Caird y Holmes, 1986; Vázquez-Yáñez y Smith, 
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2000; NRC, 2001; Bargo et al., 2002b) han propuesto diferentes ecuaciones siendo, 
siempre necesario su ajuste a los parámetros que condicionan la relación pasto-
animal. La detección de la urea en leche es un índice diagnosticador que se utiliza para 
el estudio del balance energía-proteína de la ración (Oltner y Wiktorsson, 1983; 
Roseler et al., 1993; Baker et al., 1995; González-Rodríguez et al., 2001; 2008; Vázquez-
Yáñez, 2007). Un exceso de energía fermentable en el rumen suele estar relacionado 
con un descenso en el porcentaje de grasa en leche y, en casos extremos, sujeto a 
cuadros clínicos como acidosis o desplazamientos de abomaso. Por otra parte, un 
exceso de proteína en la ración está relacionado con caídas en el porcentaje de 
concepción en vacas (Staples et al., 1992), asociado a una reducción en la eficacia del 
sistema inmunológico. Con un correcto ajuste de la relación energía-proteína, tanto en 
pastoreo como con ensilado, es posible conseguir racionalizar el uso de un suplemento 
para producir altos rendimientos de leche con mínimos aportes de concentrado.  
 El aporte de concentrado suele ser el factor que proporciona una respuesta 
más visible en producción de leche. Sin embargo, éste no es un factor directo sino que 
depende del resto de los alimentos que forman parte de la ración, si el forraje es de 
calidad como el proporcionado en pastoreo, la respuesta al concentrado suele ser 
pequeña y marginal. La suplementación influye en el porcentaje de utilización de la 
hierba, que a su vez repercute en la evolución de la estructura y calidad del pasto 
(Peyraud and Delaby, 2001). Si necesitamos producir leche limitando el aporte de 
concentrado es importante controlar la interacción pasto-animal con una importancia 
mayor a la producción de MS total de la biomasa. El pasto en oferta debe conjugarse 
con la suplementación para optimizar el aprovechamiento de los recursos forrajeros 
existentes en la explotación y, así lograr una producción de leche que resulte eficiente. 
Una alta oferta de pasto por vaca aumenta la ingestión de hierba, pero origina una 
infrautilización de la biomasa y una consiguiente pérdida de calidad. El uso racional del 
concentrado es muy útil en pastoreo, con el objetivo principal de aumentar la 
producción de leche por vaca a través de un incremento paralelo en la carga ganadera 
(Peyraud and Delaby, 2001), entendida como más animales por unidad de superficie 
productiva, manteniendo e incluso mejorando la condición corporal de los animales 
cuando el crecimiento del pasto es limitado.  
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 La respuesta a la suplementación con concentrado suele ser baja o nula 
cuando la vaca ingiere pasto abundante y de calidad, debido a que el concentrado 
sustituye al forraje (efecto sustitutivo) (Delagarde et al., 2011). Si disminuye la 
cantidad de pasto aumenta la ingestión total de concentrado y la tasa de sustitución 
es menor, así puede resultar rentable, alcanzando valores de 0,20 (el animal consumió 
el 80% del concentrado aportado) pero con disponibilidades de pasto altas la tasa de 
sustitución puede alcanzar valores de 0,62 kg MS pasto/kg MS concentrado (solo se 
usa el 38% del concentrado) lo cual limita la eficacia de la suplementación. En 
pastoreo, es posible mantener altas producciones de leche en primavera con bajo nivel 
de suplementación, aunque al final de la primavera, la calidad del pasto se reduzca y 
aumente la respuesta a la suplementación (la respuesta es mayor para los primeros 
kilos de concentrado y se reduce hasta hacerse marginal al aumentar la dosis).  
El comportamiento al incremento de concentrado en pastoreo depende 
también de la producción de la vaca y más concretamente del balance energético o 
del estado de lactación del animal. Si el pasto es de buena calidad, capaz de aportar 
los nutrientes necesarios, el efecto del concentrado es pequeño o nulo, alta tasa de 
sustitución, sin mejorar ninguno de los parámetros de respuesta en leche. Delaby y 
Peyraud (1999b) mostraron producciones de 30 kg de leche en primavera con tan sólo 
4 kg de concentrado, sin recurrir a la movilización de las reservas corporales de la vaca. 
En períodos de escasez de hierba, la tasa de sustitución suele ser baja y la elección del 
tipo de suplemento, concentrado u otros forrajes, depende del coste económico 
resultante con una gran variación de respuestas entre los distintos suplementos, 

















































III.4.- THE GRAZING SYSTEM 
III.4.1.- Defoliation, Sward Height and Methods of Herbage Mass Determination 
 Defoliation. It is defined by its frequency, intensity, uniformity and timing in 
relation to the developmental phases of plants or swards. The frequency of defoliation 
refers to the time interval between successive defoliations cut or grazed. Generally, 
more frequent and more intensive defoliation reduces herbage yield.  Several studies 
have shown that under cutting, the yield of herbage DM produced over the season as a 
whole is inversely related to the frequency of defoliation (Bartholomew and Chestnutt, 
1977; Reid, 1986). Decreasing the frequency of defoliation can, however, have a 
deleterious effect on sward quality. Increasing the interval between harvests increased 
the proportion of cell wall and lignin while both cell wall digestibility and true DM 
digestibility were reduced (Wilman et al., 1977).  Duru (2003) found a significant 
decrease in lamina percentage with increasing cutting frequency. Regrowth after 
defoliation can be influenced by residual photosynthetic tissue, carbohydrate and 
other reserves, the rate of recovery of root growth and nutrient and water uptake, and 
the quantity and activity of meristems remaining. Fulkerson and Slack (1995) studied 
the effect of defoliation frequency and height on the regrowth potential of perennial 
ryegrass. They found that regrowth after frequent short defoliations was only 65% of 
the less frequently defoliated plants which was associated with a lower stubble WSC 
content. It was concluded that defoliating plants at the three leaf stage of the 
regrowth cycle allowed full regrowth potential and the replenishment of WSC reserves 
and optimizing tiller status. 
 Defoliation intensity covers such terms as severity, duration, height, percentage 
of utilization, and residual leaf area and regrowth reserves. It represents the 
proportion and physiological status of the biomass of shoot or entire plant removed at 
a particular defoliation. Grass quality and leaf production were greatest with severe 
grazing compared with lax grazing (Kristensen, 1988). Lowering the cutting height 
increased DM yield (Binnie and Harrington, 1972), however, Binnie et al. (1980) found 
that taking an initial lax defoliation followed by subsequent close defoliations 
produced a slight yield advantage over consistent close defoliation. Spring grazed 
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swards intensively produced higher concentrations of green leaf, digestible nutrients 
and DM digestibility but lower concentrations of grass stem and senescent material in 
early summer (Hoogendoorn et al., 1992). Binnie and Harrington (1972) found that 
lowering the cutting height increased sward digestible DM, CP and CF. Turner et al. 
(2006) reported a trend for decreasing ME with increasing defoliation interval for a 
number of grass species as a result of decreasing digestibility which was associated 
with the increasing proportion of sclerenchyma and vascular tissue (Ducrocq and Duru, 
1997). The depression in growth rate with increased frequency of defoliation is 
greatest in early season when growth rates are highest (Binnie et al., 1997). However, 
in grazing studies there is no evidence of a depression in animal performance with 
shorter grazing cycles (Marsh et al., 1971), even when comparing 15 and 30 day 
rotations (McFeely et al., 1975). The absence of an effect on animal performance may 
be related to the fact that comparisons of rotation length have been undertaken at 
one SR only and inefficiencies in herbage utilization may mask treatment effects on 
grass production. Nevertheless, current recommendations suggest a minimum rotation 
length of 18 days in early season, increasing up to 50-70 days for late autumn grazing. 
 The timing of defoliation refers to the developmental phases of plants and 
season of year. Internode (or stem) extension does not normally occur in temperate 
species during the vegetative phase of growth so that a crowding of tillers occurs at 
the base of the plant. Cutting or grazing at this stage of growth results in the removal 
of leaf material only. Subsequent regrowth arises from the extension of leaf primordia 
from the terminal meristem and from the meristems of auxiliary tillers, all of which 
remain undamaged below the cutting or grazing height. Once stem extension has 
begun, cutting or grazing may remove the terminal meristem and any unexpanded 
leaves which remain. Further regrowth is only possible from tiller buds below the 
cutting height in the axils of old leaves (Jewiss, 1972). Binnie et al. (1980) observed 
that treatments with initial defoliations in the early vegetative, stem elongation and 
flowering stages of growth gave higher annual yields than treatments in which the 
initial defoliation was taken at an intermediate stage of growth when the majority of 
the stem apices had just been elevated above the height of defoliation. Carton et al. 
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(1989) observed that delaying the first cut increased DM yield. Results from such 
authors indicate that the influence of initial defoliation on productivity is related to the 
grass growth stage. Lawrence and Ashford (1966) suggested that initial defoliation at a 
critical stage of plant development impacts on subsequent yield and quality.   
 The quantity of herbage consumed or removed from pastures following grazing 
it is defined as herbage utilization and it is closely correlated with post-grazing SH. It is 
difficult, however, to compare calculated herbage utilization percentages across 
experiments as calculated utilization increases as cutting height increases. Some of the 
factors that affect herbage utilization include the turnout date, restricting grazing time 
and DHA, which is closely related to SR and the level of supplementation offered.  
 Turnout date is critical for good herbage utilization. O’Donovan et al. (2004) 
reported that early spring turnout to pasture has positive effects in subsequent grazing 
rotations. During the mid-April to early July period pastures initially grazed in early 
spring (February-March) produced swards of higher quality and higher milk production 
potential than swards initially grazed in mid-April. The positive effects of early spring 
grazing are due to a higher leaf proportion and greater digestibility compared to later 
grazed swards. Additionally, Virkajärvi et al. (2002) found that an earlier turnout date 
decreased post-grazing SH (-1.4 cm), which indicated increased herbage utilization. 
Allocating herbage in early spring may also positively affect PDMI. Kennedy et al. 
(2005) showed that dairy cows in early lactation, that were turned out to pasture full-
time post-calving, produced the same amount of milk as cows that remained indoors 
until early April, but with a lower milk fat content (38.6 vs. 41.6 g/kg) and higher milk 
protein content (33.6 vs. 30.7 g/kg). The cows on the early spring grazing system 
continued to maintain a higher milk protein content and higher PDMI than their indoor 
counterparts for 12 weeks after the experimental treatments were no longer imposed.  
 Farmers often fed buffer forages to compensate the weekly variation in grazing 
conditions. In fact, giving conserved forages (hay or silage) always results in high SRt 
with grazed grass, often over 1.0 and very low or negative MR (Chenais et al., 2001; 
Peyraud and Delaby, 2001) when the offered amount of grass would have been 
sufficient to fed the dairy herd. Buffer forages then contribute to poor herbage 
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utilization. During periods of grass shortage, feeding buffer forages have two purposes. 
It maintains the intake level of the cow and MY because the SRt falls below 0.3. It 
allows recovering a correct amount of available grass for subsequent grazing periods. 
 Kristensen et al. (2007) reported that restricting grazing time forces the dairy 
cow to graze more efficiently, although the reduction in PDMI and animal performance 
cannot be fully compensated. Comparison of individual animal production in a system 
of restricted grazing with supplementary feeding and a system of full-time housing 
showed that a high milk production of 9,000 kg/cow/year is achieved in both systems 
(Beeker et al., 2006). Although it is widely reported that PDMI increases as higher DHA 
are allocated (Peyraud et al., 1996; Dalley et al., 1999; Delagarde et al., 2001; Bargo et 
al., 2002; Maher et al., 2003) a balance has to be found whereby sward quality in 
subsequent grazing rotations is not compromised due to higher post-grazing residuals 
(i.e. poorer herbage utilization) (Figure III.4.1.). This decrease in herbage utilization is a 
matter of concern because although PDMI can be increased by offering larger DHA, the 
negative effects of higher residuals in subsequent grazing are also clear (Taweel, 2006).  
 
 
Figure III.4.1. Influence of daily herbage allowance to ground level on pasture DM 
intake and herbage utilization in rotationally grazed cows (Delagarde et al., 2001).  
 Combellas and Hodgson (1979) suggested that PDMI is near maximum when 
herbage utilization is 50%. Dalley et al. (1999) reported that herbage utilization 
decreased from 54 to 26% as DHA increased from 20 to 70 kg DM/cow/day.  Virkajärvi 
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et al. (2002) reported that increasing DHA from 19 to 27 kg DM/cow/day decreased 
herbage utilization from 77.7 to 61.0%, respectively. Data from Johansen and Höglind 
(2007) illustrated that when 12 to 24 kg DM/cow/day of DHA was offered, PDMI 
increases by 0.24 kg for each extra kg DM of DHA and herbage utilization decreased 
from 72% to 51%, respectively. Wales et al. (1999) reported that as DHA was increased 
on medium HM swards (4.9 t DM/ha), herbage utilization dropped from 52 to 29%, 
while on low HM swards (3.1 t DM/ha) utilization values decreased from 35 to 23%.  
 Grazing Management Based on Sward Height Measurements. Sward surface 
height is a good practical indicator for use in grazing management which enables to 
achieve high herbage utilization and livestock performance. By recording SH and using 
the recommended values described in Table III.4.1.1. a dairy farmer should be able to 
improve the use of grass by maximizing animal intakes and reducing grass wastage. 
Grazing down to the recommended post-grazing SH will prevent swards becoming 
stemmy and maintain high sward tiller density and, consequently, high sward quality 
through the grazing season and produce high levels of livestock performance.  
Table III.4.1.1. Recommended pre- and post-grazing sward heights across the season 
for rotational or continuous systems with cows (http://www.grassdevcentre.co.uk/).  
 
Lactating cows Rotational Continuous Notes 
 










Turn out-May 10-15 6-7 16-20 6-7 Top to 5 cm if SH is 
exceeded. 
June-July 12-15 7-8 20-24 7-8 Swards above target SH 
in May should be 
topped by early June. 
August-September 12-18 8-9 24-28 8-9 
October-House 12-15 6-7 Variable 6-7 All early/mid lactation 
dairy cows will need 
supplement at this 
time. 
Dry cows NA 4-5  4-5 Note BCS. 
1Rotation interval given as a guide only, it may need to be varied. Post-grazing SH is the 
primary decision driver. Pre-grazing SH and rotation interval give information in forward 
planning of grazing area. 
 Table III.4.1.2. shows a range of post-grazing severity scores, the associated 
grass height and a description of the grazing severity. If a paddock is grazed to a post-
grazing SH of 4 cm, then the PDMI of the herd will be very much reduced. If, on the 
other hand, a pasture is grazed to a post-grazing SH of 8 cm, PDMI will be high but a 
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large level of grass will be wasted. On Mabegondo dairy farm post-grazing SH usually 
ranged from 5.5 to 6.5 cm for a large part of the year, however, these values fluctuate 
across the grazing season. Low post-grazing SH as a result of low pasture cover 
generally occurred in the middle of April to end of June. This is mainly as a result of too 
high SR (5 to 5.5 cows/ha) in order to maintain an established rotation length with very 
little supplementation. It also occurs during the main grazing season in periods of 
below normal grass growing conditions where no adequate adjustments in SR occurred 
and no supplements were fed. At farm level, it is observed that there is an over 
emphasis placed on achieving extremely high herbage utilization through over-grazed 
swards but dairy cow nutritive and energy feed requirements need to be satisfied if we 
do not want to penalize milk output per cow. 
Table III.4.1.2. Post-grazing severity score (O’Donovan and Dillon, 1999). 
 
 Methods of Herbage Mass Determination. The first measurements of the 
amount of grass DM per unit of surface, or HM, and its nutritional quality, were made 
in grazing studies where pastures were the main constituent of the diet and dictated 
the performance of an animal, the herbage on offer was determined by cut and weight 
for rationing purposes. Frame (1981) classified the methods for HM estimation as 
direct (clipping) and indirect (height measurement).  
 Direct Methods. DM has become the conventional basis of expression of HM. 
Whatever, the objective or type of trial the basic operation is to cut and measure a 
sample of fresh herbage of a predetermined size and shape and at a specified height. 
After collection and weighing, the sample is oven-dried and DM is obtained. Drying is 
necessary since the amount of moisture in the herbage (usually 75-85%) depends upon 
the stage of growth, plant species and variety, fertilizer N and the amount of external 
water in the form of rain. In practice, the number of samples taken will be determined 
by the number that can be handled with the resources and time available. Although 
Grazing score Grazing Height (cm) Description 
1 <4.5 Grossly over-grazed 
2 4.5-5.5 Over-grazed 
3 5.5-6.5 Good grazing 
4 6.5-7.5 Under-grazed 
5 >7.5 Grossly under-grazed 
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recommendations for the number of samples required cannot be made, many reports 
feature between 5 and 12 sub-samples per plot (Frame, 1981). Cutting and weighing is 
the most accurate method of estimating forage yield. But cutting is costly, in terms of 
time and labour, and may influence production and composition of forage as well as 
grazing behaviour. Therefore, a rapid, indirect, non-destructive technique for making 
accurate estimates of grass DM yield would benefit grazing trials (Bransby et al., 1977). 
 Indirect Methods. The simplest manual instruments used for measuring HM are 
pasture ruler and plate disc. Pasture ruler relies on a positive relationship between 
forage yield and uncompressed canopy height. In Europe, it is widely used the sward 
stick (Barthram, 1986), which measures plant height rather than compressed SH. It 
employs a 2x1 cm window that is lowered vertically on a shaft until its base touches 
the vegetation. The height contact above the ground is recorded in 0.5 cm bands. 
However, canopy height can be difficult to measure due to the subjectivity associated 
with which plant or plant parts should be considered to form a mean height measure 
(Heady, 1957), so researchers have been added several types of discs or plates to the 
rule to incorporate an area dimension to the measurement. Plate discs consist in grass 
meters with a light and horizontal plate (called “weighted disc”, “rising plate”, “drop-
disc” or “pasture disc”) of 0.3x0.3 m that can slide up or down a central, vertical and 
graduated stem (Frame, 1993). Rayburn and Rayburn (1998) suggested modifications 
from this design as the substitution of the metal plate by other materials. These holes 
allow the use of the plate as a squared paper for estimating ground cover or for 
measuring the occurrence of forage species under the sampling area.  
 A method called visual obstruction was proposed in 1970 by Robel et al. 
(1970a, 1970b). A striped pole often called the Robel pole measures the lowest point 
of the pole not visually obstructed by vegetation when placed vertically in a sward. 
Numerous transects are walked and the observer stops at intervals, sets the pole 
vertically in the vegetation, steps back 4 m from the pole, and reads the last visible 
number toward the lower end of the pole at three heights (0.5, 0.8 and 1.0 m). Such 
observations are made at the four cardinal directions around the pole. Michalk and 
Herbert (1977) compared this method with hand-clipping and ground cover measures, 
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and obtained a good correlation between SH and HM, with a r2=0.81. Harmoney et al. 
(1997) found this technique the most suitable in comparison with rising plate meter, 
LAI analyser and canopy height stick, with a r2=0.63. Similar conclusion were found by 
Ganguli et al. (2000) in the same comparison, with a r2= 0.87. Ackerman et al. (1999) 
obtained a lower value (r2=0.59) in a two-year trial, and concluded that this technique 
has potential for practical use. Benkovi et al. (2000) found a r2=0.88 and Vermeire et al. 
(2001) found a r2=0.90. As can be seen, all papers reviewed consider visual obstruction 
technique as a good method for non-destructively estimating. However, there are 
some considerations about the use of this technique as shown by Heady (1957), some 
factors difficult exact measures of pasture height: the highest point may be difficult to 
identify when plants are lodging or dropping, when the point is the tip of a structure, 
and when several parts are nearly the same height. The second consideration is that 
not many references exist in the literature and investigations on the performance of 
this method in different vegetation types are limited (Ganguli et al., 2000). 
 More complex electronic instruments as the electronic capacitance meter, first 
reported by Fletcher and Robinson (1956) and sonic sward stick (Hutchings et al., 
1990) have been developed to improve speed and precision of sampling. The sonic 
sward stick calculates SH from the flight time of an ultrasonic pulse bounced off the 
sward surface. Electronic capacitance meter uses a single rod probe and an electronic 
system that accumulates the readings from a number of sampling sites within a 
pasture plot. The reading-system relies on differences in dielectric constants between 
air and herbage and it measures the capacitance of the air-herbage mixture, 
responding to the surface area of the foliage (Sanderson et al., 2001). A variety of 
capacitance meters have been built under this principle and incorporating various 
modifications. However, readings are affected by water in vegetation (Murphy et al., 
1995) including litter and are not an accurate method during or immediately following 
rainfall. Commercial instruments often come with standard equations and the 
precision of this instrument depends on the adjustment on these equations.  
 Usually the more used regression model for herbage mass estimation is linear, 
however, some works with plate meters showed an exponential response in highest 
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values of disk meter values and with capacitance meters. The logical model for 
rotationally grazed pastures, grazed to a short residual height, is a linear equation that 
passes through the origin (Rayburn, 1997). Under continuously grazed pastures where 
a thatch build-up occurs, a regression model using a Y intercept is most appropriate.  
III.4.2.- Continuous vs. Rotational Grazing Systems 
 There have been a number of major developments in grazing since the 1950s, 
with a full cycle of management systems from a continuous stocking, through a more 
controlled rotational grazing up to an intensive rotational grazing systems coupled 
with a progressively increased of the use of N fertilizer led to a fuller realization of the 
production potential of grazed grass, that have been implemented on dairy farms from 
about 1960 to mid-1980s. Over this period all these changes have been part of an 
evolution in grassland management practices (Frame et al., 1995). 
 Continuous Grazing. Under continuous grazing or set stocking, animals have 
access to the entire grazing area for the majority of the grazing season. In the purest 
sense, continuous grazing applies in very extensive grazing systems, for example in 
conventional hill and range grazing systems, where SR is very low relative to pasture 
production and for sheep and beef cattle grazing, systems with low capital and labour 
requirements are required for their implementation. In practice, livestock are turned 
out to the grassland area in spring and a number of other procedures are used to 
balance grass supply and requirements of animals such as provide additional areas 
available for grazing through the season or by introducing silage aftermaths to 
compensate for lower grass growth rates and/or increased/decreased animal 
requirements. Alternatively, SR adjustments may be achieved by the removal of 
weaned lambs and calves to other areas on the farm.  
 Most grazing systems involve close integration of grazing and forage 
conservation. Under continuous this can be achieved either by “buffer grazing” or by 
operating a “full-graze” system. With buffer grazing, animals are turned out in spring 
at a relatively high SR. As grass growth rates decrease and/or animal requirements 
increase through the season, the SR is reduced by increasing the area available for 
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grazing. Herbage accumulation on the buffer area is controlled by conservation of 
excess forage as hay or silage, although careful management is required to avoid grass 
shortages in the immediate period following a conservation cut. 
 In the full-graze system the grazing area is divided in two in early season, for 
example on a ratio of one-third: two-thirds. The larger area is usually grazed for the 
first few weeks in early season, with stock then moved to the smaller area during the 
period of peak grass growth in late spring/early summer. Following removal of hay or 
silage, stock return to the larger area for grazing in mid- summer. The smaller area is, 
then, closed up for a second cut of silage or a second hay crop, with the re-growths 
available for grazing in late summer. Consequently, the area available for grazing 
increases in the ratio 1:2:3, and this system has been described as the “1, 2, 3 system”. 
 Both the buffer grazing and full-graze systems require minimal investment in 
fencing and water troughs. In the full-graze system, as each area is rested from grazing 
for between 5 and 7 weeks, the build-up of parasitic worms is reduced. Both grazing 
systems are suitable for growing cattle and suckler cows. However, continuous grazing 
requires a high level of management if they are to operate successfully. Regular 
assessment of SH, herbage availability and/or animal performance is required in order 
to ensure efficient herbage utilization and to achieve target levels of animal 
performance. Continuous grazing at high SR encourages the development of a dense 
sward with a high tiller population (40,000 tillers/m2), whereas rotational grazing 
results in a more open sward structure (10,000 ̶ 15,000 tillers/m2). 
 Rotational Grazing. It is a grazing management system in which the total 
pasture area is subdivided into several paddocks grazed sequentially, with a rest period 
following each grazing cycle, for each subdivided area. The number of paddocks may 
vary from only a few to 12 or more, and a high SR could be imposed on a paddock for a 
short time, often 1 or 2 days (Ball et al., 1996). By adopting intensive rotational 
grazing, GP can be controlled and less forage will be wasted (Van Soest, 1994). 
Furthermore, increasing GP will give significant improvements in herbage utilization, 
milk production and gross margins per ha (Baker, 1986). As with continuous grazing, 
there are many variations of rotational grazing ranging from a rigid rotational grazing 
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through a more flexible rotational grazing and the strip-grazing system, always 
involving integration with conservation.  
 The rigid rotational grazing operates as a fixed rotation length throughout 
most of the grazing season. In this system a number of paddocks of similar size are 
established at the start of the season and stock move according to a pre-determined 
timetable (i.e. moved daily to a new paddock) throughout the grazing season. Whilst 
the rigid rotational grazing is easy to operate in practice, fluctuations in grass growth 
over the season can result in a risk of understocking in early season when grass growth 
rates are high and overstocking later in the season when growth rates decline. 
Consequently, in practice, rigid rotational grazing is only appropriate in those 
situations where the nutrient requirements of the stock are declining through the 
grazing season, i.e. autumn calving dairy cows. Even in this situation, topping of 
pastures after grazing to control sward quality may be required in early season, and in 
mid- and late season the SR should be reduced, i.e. by removal of dry cows or 
introduction of silage aftermath areas. 
 The flexible rotational grazing can get a better accommodation to fluctuations 
in grass growth through the season. This can be achieved by closer integration of 
grazing and forage conservation, with paddocks set aside for silage making in early 
season, cycle as the season progresses. Big-bale silage is useful in this context as it 
allows greater flexibility to conserve forage from small areas, which may be surplus to 
grazing requirements, at various times throughout the grazing season. Furthermore, 
removal of surplus herbage from previously grazed paddocks facilitates improvements 
in sward quality later in the season, particularly if paddocks have been undergrazed in 
the first or second grazing cycles. When grass growth rates are high, shortening 
rotation length reduces both average daily growth rate and total net herbage 
accumulation over the re-growth period, whereas the opposite effect occurs when 
rotation lengths are increased. Successful operation of flexible rotational grazing 
requires effective grass budgeting, based on knowledge of seasonal patterns of grass 




 Further flexibility in rotational grazing systems can be achieved by adopting 
either “flexigraze” or “strip-grazing” systems. In these rotational grazing systems, the 
area allocated to stock is controlled on a daily basis and portable electric fencing is 
used to adjust the grazing area. With flexigraze systems, more investment in roadways 
and fencing is required, but animals move on to a fresh area of pasture each day and 
are not allowed to re-graze. With strip-grazing, animals normally have access to 
previously grazed areas, and this can increase the risk of sward damage (particularly in 
wet conditions) and delay subsequent re-growth periods of pasture. 
 A modification ahead of rotational grazing involves the practice of 
“leader/follower” grazing. This involves offering stock with the highest nutrient 
requirements first access to the pasture, with a second group of animals with lower 
nutrient requirements following behind and grazing the sward down closely. 
Leader/follower grazing is also widely used in heifers rearing systems, with younger 
heifers (6-12 months old) grazing ahead of the older (18-24 months old) cattle. Leaver 
(1970) showed that leader/follower grazing of heifers produced better growth rates, 
particularly in younger heifers, in addition to reducing the incidence of disease 
associated with parasitic worms. Mayne et al. (1988) also shown that this systems can 
increase the performance of lactating high yielding dairy cows by a 26% more MY and 
an increased by 8.2% of the total milk output per ha, when are grazed as a leader 
group ahead of a lower yielding herd. However, in practice leader/follower grazing of 
dairy cows is difficult to implement at farm level, and in many situations non-lactating 
animals, e.g. dry cows, growing cattle, etc. are used as the follower group. 
 Simplified Rotational Grazing System. In areas with well-distributed rainfall 
(i.e. Normandy in France), a variant of strip-grazing system called simplified rotational 
grazing system is applied to dairy cows (Hoden et al., 1986a). This method is based on 
grazing rotationally an average of 2-4 paddocks (2.3 ha each one) in spring and 
extended to 4-6 paddocks in late season with an average SR of 4 cows/ha in spring and 
2 cows/ha in autumn. The average residence time in each paddock is of 10 days 
following an average regrowth period of 20 days. The rotation cycle from each 
paddock is adjusted to achieve good nutritive value of the grass and a HM of at least 
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800 kg DM/ha. It is fixed at 4 weeks in spring and afterwards to a maximum of 6 weeks 
by adjusting the number of paddocks at each cycle. The ungrazed areas are cut as 
silage and in case of shortage of grass, maize silage can be offered to cows. Moreover, 
supplementation with low or high levels of concentrate can be too considered across 
the grazing season following similar cyclic pattern (Figure III.4.2.a). The milk, fat and 
protein yields showed a strong cyclic variation throughout the grazing period from 
each paddock. These changes are analyzed according to the model suggested by Wood 
(1976) for the lactation curve: Yn = A nB e-Cn and described by Hoden et al. (1986b, c). 
  During the residence time in each paddock, a maximum of milk yield (MY max.) 
is observed from cows after the first 3-4 days of grazing and, then, a gradual decrease 
in MY is observed during the following days (Figure III.4.2b). The decision to move 
cows from a given paddock to another one is made according to the daily MY variation 
for each grazing group during their residency time in a given paddock. A paddock 
change takes place when the MY average of the herd over the last three days in a given 
paddock reached 85-90% of the maximum production observed in this paddock. 
 
Figure III.4.2. (a) Cyclic variations in milk yield from cows supplemented with low or 
high levels of concentrate (Hoden et al., 1991) and (b) variations in daily milk yield of 
cows during a residence time of ten days in a grazing paddock (Hoden et al., 1986a). 
 Comparison of Continuous vs. Rotational Grazing. The majority of evidences 
indicate that the effects of grazing system on animal output per ha or on individual 
animal performance are small in comparison with those due to varying the SR (Le Du, 
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1980; Hoden et al., 1987). In a review of 15 studies McMeekan (1961) reported that 
milk production on rotational grazing systems was higher in two studies, while in two 
other studies it was lower than continuous grazing, with no difference in the remaining 
studies. Ernst et al. (1980) concluded that milk production was similar from rotational 
and continuous grazing systems operated at identical SR and they only reported a 
0.015 advantage in milk production for rotational grazing. Pulido and Leaver (2003) 
reported that dairy cows with a higher MY will produce more milk on a rotational 
rather than a continuous grazing system. This was consistent with the results of 
McMeekan (1961) and Ernst et al. (1980) which showed no significant effect of grazing 
system on milk performance. However, there is some evidence that rotational grazing 
systems are superior to continuous grazing system at high SR, with increases in output 
of milk solids per cow of 4% and 16% being obtained at low and high SR, respectively 
(McMeekan and Walshe, 1963). These authors also showed that rotational grazing out-
produced continuous grazing by 2% per cow at a SR of 2.06 cows/ha and by 8% per 
cow at a SR of 2.33 cows/ha. Leaver (1985), however, postulated that grazing methods 
only have a small effect on animal performance within the production potential of 
each system. Growth and utilization of herbage (Grant et al., 1988) and sward chemical 
composition (Arriaga-Jordan and Holmes, 1986) appear to be similar for the two 
contrasting grazing systems. Other studies have found no indication of an effect of 
grazing system on milk composition (Castle and Watson, 1978). 
 Whilst experimental studies have failed to demonstrate a consistent production 
benefit from rotational grazing over continuous grazing, rotational grazing systems 
offer a number of other advantages. Firstly, they facilitate identification of grass 
surpluses and deficits much more readily than with continuous grazing. McMeekan 
and Walshe (1963) stated that one of the primary advantages of rotational grazing is 
the simplicity with which judgments on the removal of grass surpluses can be 
determined compared to continuously stocked swards. Rotational grazing allows 
herbage supply to be easily matched to the feed demand of the dairy cow thus when 
grass growth exceeds animal demand extra herbage can be removed and conserved as 
grass silage, maintaining sward quality. Secondly, rotational grazing systems offer 
-191- 
 
greater flexibility to adjust grass supply with paddocks being taken out of the system 
during periods of surplus growth and then returned to the grazing cycle when grass 
growth rates decline. Another advantage of rotational grazing over continuous grazing 
system is that they facilitate presentation of herbage to the animal in an “optimum” 
form, i.e. tall, dense leafy swards. Furthermore, within rotational grazing systems 
several options are available for controlling the high residual HM remaining sward 
quality in mid- and late season. For example, swards can be mechanically topped 
following grazing to control stem extension or alternatively leader/follower grazing 
method can be implemented to improve utilization of residual herbage. Other options 
that can be used including a period of severe grazing by lower producing stock in late 
June or early July to remove stem material (Chestnutt, 1994) or a system of alternate 
grazing and cutting of swards for forage conservation (i.e. for hay and/or silage). 
III.4.3.- The Cow Adapted to the Dairy System 
 The type of cow more adapted to the grazing system and the behavioral 
activities of dairy cows at pasture are now being investigated by several authors.  
III.4.3.1.- Dairy Cows Behaviour at Pasture 
 Changes in the behavioral activities of dairy cows are widely used as an 
indicator for the assessment of animal welfare (Müller and Schrader, 2003). The 
welfare status of an animal is difficult to evaluate as it is dependent not only on the 
animal’s health, but also on its subjective mental state (King, 2003). Many 
measurements of animal behaviour consist of recording obvious behavioral anomalies, 
considered as a form of biological breakdown generally thought to be caused by a 
negative psychological state (Fraser, 1993). There are other less obvious behaviour 
signals that can also be used to estimate animal welfare state. This is particularly 
appropriate in the evaluation of a husbandry system. The duration and frequency of 
normal activities such as lying, standing and feeding, can provide information on an 
animal’s welfare status. Essentially, the dairy cow’s daily time budget (Table III.4.3.1.) 
represents the net response of a cow to her environment. Deviations in any herd from 
these benchmarked behavioral routines represent departures from natural behavior 
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and could serve as a basis for estimating the performance and economic loss due to 
poor management strategies. It is important that management systems imposed on 
animals do not prevent or discourage them from obtaining adequate rest and 
nutrition. For example, several studies with dairy cows investigated the comfort level 
of the system, by investigating daily lying times in relation to the qualities of the lying 
area (Fisher et al., 2003; Drissler et al., 2005; Tucker et al., 2006). From these studies, 
the importance of an adequately bedded dry lying area, with enough space to freely 
stand up and lie down has been demonstrated. 
Table III.4.3.1. Daily time budget for cows in a free-stall (Grant and Albright, 2000). 
Behavioral activity  Time devoted to activity per day 
Lying/Resting 12 to 14 hours 
Feeding 3 to 5 hours (9 to 14 meals per day) 
Ruminating 7 to 10 hours 
Drinking 30 minute 
Social interactions 2 to 3 hours 
Outside pen (milking, travel time, etc.) 2.5 to 3.5 hours 
  
 Albright (1993) measured the daily behavioral time budget for a cow (Beecher 
Arlinda Ellen) during the lactation in which she set a world record for milk production 
while housed primarily in a box stall. The data indicated that she spent 13.9 hours/day 
lying (resting), 8 hours/day ruminating (7.5 hours/day while lying and 30 minute/day 
while standing) and 6.3 hours/day feeding. Matzke (2003) compared the time budget 
of the top-10% of cows (by MY) in a group versus the average time budget for the 
group of cows. The elite cows as well as Ellen (the first cow to produce >22 600 kg of 
milk in a lactation), both rested for 14 hours/day compared to 12 hours/day for the 
average milk production cows. Considering the required number of hours each day to 
satisfy the cow behavioral needs, it approaches 20 to 21 hours/day: 5 to 5.5 hours/day 
for feeding + 12 to 14 hours/day for lying/resting (includes 6 hours/day of rumination) 
+ 4 hours/day for rumination while standing + 30 minute/day for drinking. If we add 30 
minute/day for other activities such as grooming and other interactions, the total time 
required in the cow daily time budget is 20.5 to 21.5 hours/day (Grant, 1999).  
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 Given this time need, it is understandable how the management practices can 
perturb the cow’s time budget. In fact, if cows are kept outside of the pen and denied 
access to resources such as stalls, feed and water for greater than approximately 3.5 
hours/day, they will be forced to give up some other activities. Often, resting or 
feeding will be reduced with negative consequences for productivity and health. 
Improper grouping strategies that result in overcrowding and excessive time in holding 
pens are two common ways of upsetting the time budget and reducing herd 
productivity. Galindo and Broom (2000) showed that low-ranking cows spent less time 
lying and more time standing still and standing half in the cubicles than middle- and 
high-ranking cows. As time spent standing half in the cubicle increased the number of 
soft tissue lesions increased and as total time standing increased the number of cases 
of lameness increased. Also, a low duration of lying time is associated with an increase 
in sole haemorrhages (Singh et al., 1993; Leonard et al., 1994, Cook et al., 2004) and 
can lead to a reduction in cows’ productivity (Munksgaard and Lovendahl, 1993). 
 
 Behavioral observation is used to provide an insight into positive welfare. In a 
study conducted by Haley et al. (2000) cows housed in large individual pens with 
mattresses showed longer lying times, and change position more frequently than cows 
housed in tie stalls with a concrete floor. The duration and frequency of lying 
behaviour and time spent standing, thus, appear to be probable behavioral indicators 
of cows’ comfort. Furthermore, the performance of play behaviour is considered to be 
an indicator of good welfare, as it generally occurs only when all maintenance needs 
are satisfied (Lawrence, 1987).  Indeed, more play behaviour was seen in dairy heifers 
housed on an out-wintering area compared to animals housed indoors (Kiernan, 2004). 
Affective state is alunder investigation, by testing the “optimistic” response biases of 
animals in either stressful or non-stressful environments (Paul et al., 2005).  
 Slight changes in less obvious behaviours can be used to distinguish between 
the animals ability to cope in differing environments. For example, behavioral 
synchrony (Connor et al., 2006) is recognized as an indicator of cows’ welfare (Miller 
and Wood-Gush, 1991). The term synchrony can be used both to describe behaviours 
that are non-randomly distributed in a temporal manner (Hastie et al., 2003) and 
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behaviours that occur amongst members of a group simultaneously (Connor et al., 
2006). This type of behaviour may not be obvious from simply recording the time 
budgets of individual animals, but involves observing group behavioral patterns over a 
period of time to see the synchrony of behaviours between the members of a group.  
 
 An animals’ behaviour can also illustrate its emotional state. High animal 
stocking densities are one of the most important factors associated with social stress. 
Sugita et al. (1999) found that dairy cows housed at increased stocking densities show 
reduced overall lying times, and reduced duration of lying periods. They concluded 
that more effort was required in order to maintain daily lying times. Moreover, a 
correlation between an increase in stocking density and increased agonistic interaction 
between animals has also been found (Kondo et al., 1989). 
 Between the behavioral activities of dairy cows, at pasture or in a confinement 
feeding system, we have taken into account the following: 
 Lying Behaviour. It is important for the well-being of the dairy cattle because of 
the importance of resting and the implications of adequate lying time for cow comfort, 
health, and productivity. Benefits of adequate resting activity include: potentially 
greater milk synthesis due to greater blood flow through the udder, greater blood flow 
to the gravid uterus during late lactation, increased rumination effectiveness, less 
stress on the hoof and less lameness, less fatigue stress, and greater feed intake.  
 Resting and feeding behavior are even linked during the transition period. First 
calf heifers and mature cows that had greater lying and ruminating activity on days-2 
and -6 prepartum also had greater feed intake and MY during days 1 to 14 postpartum 
(Daniels et al., 2003). Grant (2004) has proposed that each additional one hour of 
resting time translates into 2 to 3.5 kg of milk per cow daily. The bottom line is that 
lying has a higher priority than feeding and social interactions for both early and late 
lactation dairy cows, and that cows compensate for reduced access to resting by 
spending less time feeding to free up time for making up lost resting activity 
(Munksgaard et al., 2005). Interestingly, although little time is allocated to social 
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contact with other cows, under conditions of limited access to feed and stalls, dairy 
cows still defend their ability to have some social interactions. 
 Environmental conditions can affect lying time. Cows lie less when restricted to 
a muddy substrate than a dry surface (Muller et al., 1996; Fisher et al., 2003). 
Furthermore, cows that are exposed to wet and windy conditions spend more time in 
postures that reduce their surface area, i.e. tucking their legs under while lying and 
standing with head lowered (Tucker et al., 2007). In this trial, cows in a group that was 
exposed to near constant rain and wind simulation spent as little as 4 hours/day lying, 
which is well below the normal range of 10-14 hours/day (Singh et al., 1993; Fregonesi 
and Leaver, 2002). Inhibition of lying behaviour in wet conditions could exacerbate the 
problem of hooves being exposed to moisture. Behavioural modifications may impact 
negatively on other aspects of the animals’ welfare. Higher ambient temperatures are 
also associated with reduced lying behaviour (Overton et al., 2003). 
 Feeding/Grazing Behaviour. Feeding is the predominant drive in dairy cattle 
(Metz, 1985), and any attempt to predict animal response to a particular environment 
must accurately describe feeding response. Several factors affect grazing behaviour in 
ruminants. Cows respond to grazing management and variations in HM and structure 
by varying the time spent grazing, rate of biting, bite size, time spent at feeding station 
and time spent selecting bites or feeding stations (Walker and Heitschmidt, 1989).  
 Total grazing time of cattle was reported to range between 5.8 to 10.8 
hours/day (Hodgson, 1986). Grazing time and biting rate increase asymptotically over a 
grazing season up to a maximum of 10 hours/day and 66 bites per minute (Phillips and 
Leaver, 1986). In this study, the grazing period was shorter and more intensified as the 
season progressed and day length was reduced, with grazing time lowest during the 
fall. Allden and Whittaker (1970) observed that when forage availability was more than 
3,000 kg DM/ha, grazing time was constant; but there was a twofold increase in time 
spent grazing when forge availability decreased to 500 kg DM/ha Another factor that 
can affect grazing behavior is air temperature (Perera et al., 1986). Seath and Miller 
(1946) conducted a study to compare the grazing patterns of cows during hot weather 
(30oC) vs. cooler weather (22oC). During hot weather, cows grazed more at night (6.5 
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hours) than during the day (1.9 hours). When temperature was of 20oC, no difference 
was found in grazing time between day and night (4.5 vs. 4.7 hours) (Albright, 1993; 
Rook et al., 1994). These studies demonstrate the importance of understanding 
grazing behavior and how cows can adapt to environmental changes and forage 
dynamics in order to develop management strategies at farm level. 
 Rumination behaviour. The advantages of adequate rumination activity are 
obvious and involve maintenance of ruminal conditions conducive to efficient 
microbial fermentation. Although dietary physically effective fibre drives rumination 
activity, social stress, such as overcrowding and excessive competition for feed and 
stalls, can reduce rumination activity significantly (Batchelder, 2000).  
 Synchrony of Activities as a Measure of Dairy Cattle Behaviour. It may be 
affected by confinement conditions. Fregonesi and Leaver (2002) found that cows in a 
straw yard system had more synchronised behaviour, and longer lying times, than 
cows in a cubicle system. They concluded that the size and cow to cubicle ratio had an 
impact on dairy cow welfare, due to the impact they had on lying times and synchrony. 
Indeed indices, such as the proportion of eligible cows lying, and the cow comfort 
index can be used as indicators of cow comfort and synchrony of lying behaviour. 
Although these measures give an idea of the acceptability of the lying surface to the 
cow, it is important that they are used at appropriate times of the day in order to 
provide information about inadequate facilities (Cook et al., 2005). Nevertheless, Cook 
et al. (2005) found that when recorded two hours prior to milking in a cubicle housed 
herd; a stall standing index could provide information into herd lameness. 
III.4.3.2.- Choosing an Appropriate Dairy Cow  
 Until recently the Holstein-Friesian cows have been selected almost exclusively 
in high input systems as the best option, with milk production and cow conformation 
being considered as the predominant breeding goal traits (Dillon et al., 2006). 
However, in last times the improvements in genetic merit for milk potential have made 
possible to achieve high milk performances by using well managed pasture-based 
systems and low levels of concentrate. Several studies (Kennedy et al., 2002; Horan et 
-197- 
 
al., 2005; Delaby et al., 2009) have shown that it is possible to reach 7 000 kg of milk 
per lactation, or even more, with Holstein-Friesian dairy cows in compacted spring 
calving systems while supplying low levels of concentrate. It is also well established 
that cows selected solely on milk have poorer fertility performances. And this negative 
effect observed on high input systems might be exacerbated in low input systems.  
 Several authors (Dillon et al., 2003; Horan et al., 2005, 2006; McCarthy et al., 
2007) have found that HGM dairy cows always produce more milk even on a low input 
pasture-based milk production system. But these animals were also characterized by 
degraded reproductive performances for all indicators of fertility (i.e. intervals to first 
service, pregnancy rates and no-return rates). In particular, increasing the rate of 
involuntary culling results in inflated replacement costs and might eliminate part of the 
economic benefit that can be achieved from selection (Evans et al., 2006). Increasing 
this rate also implies a need to increase the number of dairy cows to produce the same 
amount of milk, as younger cows are present in the herd and that first lactating dairy 
cows produce less than adult animals. Younger dairy cows are also less efficient in their 
ability to convert forage into milk because intake capacity increases with the rank of 
lactation (Faverdin et al., 2007).  
 Furthermore, the undesirable side effects of HGM cows for milk on 
reproduction and survival do not seem to be counteracted by adjustment of the 
management. Concentrate supplementation (Kennedy et al., 2003; Delaby et al., 2010) 
or offering more grass (Buckley et al., 2000; Horan et al., 2004) did not correct for 
genetically induced inferior fertility of HGM cows. Thus, the improvement of genetic 
merit for milk production does not appear any more to be the unique objective and 
the question of the suitability of HGM cows and the place of alternative breeds for 
pasture-based milk production systems is being asked (Peyraud et al., 2010).  
 Although pasture-based systems prevent HGM dairy cows from fully expressing 
their milk potential, this does not remove the need for having animals of good milk 
potential. A good genetic potential for milk production guarantees an efficient MR 
about 1 kg of milk per 1 kg of concentrate (Delaby et al., 2003). Horan et al. (2006) and 
Mc Carthy et al. (2007) have also shown that compared to high production North 
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American dairy cows, New Zealand dairy cows have a much higher pregnancy rate, 
only 7% of New Zealand dairy cows were not pregnant at the end of the breeding 
period compared to 26% of the HGM North American dairy cows, but New Zealand 
dairy cows have also low response to supplementation. The MR to concentrate was 0.4 
for New Zealand dairy cows compared to 1.1 for HGM North American dairy cows. 
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RESUMEN CAPÍTULO III.4. 
 La ingestión de pasto, en cantidad y de calidad, repercute en la producción de 
leche por lo que conviene tener presente la forma en la que la hierba se oferta al 
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animal (densidad y estructura) dado que “ingestión es equivalente a producción de 
leche”. La capacidad de ingestión (tamaño y número de bocados) depende de la 
defoliación, definida como la frecuencia, intensidad, uniformidad y estado de 
desarrollo de la planta, que a su vez condiciona la estructura y calidad del pasto. 
Cuanto más frecuente e intensa es la defoliación menor es la producción y mejor la 
calidad del pasto (Bartholomew y Chestnutt, 1977; Reid, 1986). Una defoliación menos 
frecuente produce más pasto, pero de menor calidad (Binnie y Harrington, 1972). El 
contenido de hojas es menor con pastoreo laxo que con pastoreo severo (Kristensen, 
1988). Una defoliación temprana, a inicios de la primavera, mejora la calidad del pasto 
en oferta (Binnie y Harrington, 1972; Hoogendoorn et al., 1992; O’Donovan et al., 
2004) en las sucesivas rotaciones e influye en la producción de leche y en el contenido 
de proteína (Kennedy et al., 2005). 
 La cantidad de pasto ingerido es directamente proporcional a la disponibilidad 
diaria de hierba e inversamente proporcional al porcentaje de utilización por el animal 
(Peyraud et al., 1996; Dalley et al., 1999; Delagarde et al., 2001; Bargo et al., 2002; 
Maher et al., 2003). En pastoreo, son factores determinantes la fecha de inicio del 
pastoreo en primavera (Virkajärvi et al., 2002; O’Donovan et al., 2004), la restricción 
del número diario de horas de pastoreo (Kristensen et al., 2007) y la oferta, viéndose 
todos ellos influidos además por la carga ganadera y el nivel de suplementación.  
 Existen diferentes métodos (directos e indirectos) para la determinación de la 
biomasa de hierba y, con ello, evaluar el pasto en oferta. La medición directa, aunque 
más costosa y laboriosa, parece proporcionar una medida más exacta que las 
estimaciones indirectas. Tradicionalmente, se usaban cuadrados cortados manual o 
mecánicamente, lo que requiere mucho tiempo y puede demandar numerosas 
muestras para obtener resultados fiables. La alternativa a este sistema es utilizar 
métodos de doble muestreo (en los que se combina la recogida directa de muestras en 
el campo con la medición indirecta), para aumentar la precisión de las valoraciones, 
estando condicionada su aplicación por la escala de trabajo, los recursos disponibles y 
la precisión requerida. Para su calibración se suele usar un modelo de regresión lineal.  
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 Es importante también tener presente el modelo de pastoreo (continuo vs. 
rotacional) que se utiliza, con sus múltiples variantes en las que se busca maximizar la 
ingestión de pasto por animal y por superficie de pradera. Cada ganadero debe 
escoger el modelo de pastoreo que mejor se ajuste a las necesidades de su rebaño y a 
la superficie de que dispone. La parcelación gallega presenta algunas ventajas para el 
pastoreo rotacional frente al continuo, como identificar mejor los excesos y déficits de 
hierba, poseer una gran simplicidad y flexibilidad de manejo, y controlar la calidad del 
pasto en oferta (McMeekan y Walshe, 1963). Al final de una rotación se observa  el 
posible exceso de hierba que se puede ensilar, y constituye una fuente excelente de 
nutrientes para cuando no haya pasto fresco disponible en la explotación.  
 Cada sistema de producción animal muestra diferentes patrones de 
comportamiento, y hoy en día, se considera la evaluación de estas actividades como 
una medida del bienestar animal del rebaño lechero (Müller and Schrader, 2003). El 
estado de bienestar de la cabaña y el grado de sincronía de comportamientos (Connor 
et al., 2006) se reflejan en determinadas actividades (estar tumbado, de pie, 
comiendo/pastando y rumiando, etc.) cuya medición (duración y frecuencia) resulta 
útil para adecuar las necesidades del animal al sistema productivo, tanto en pastoreo 
como en establo. La estrategia alimentaria se debe adaptar al tipo de animal elegido 
para obtener un apropiado rendimiento productivo, reproductivo y sanitario del 
sistema ganadero seleccionado (Peyraud et al., 2010). Adecuar el aporte alimentario, 
como el tipo de forraje, a la demanda del animal, a través de factores como la carga 
ganadera (alta o moderada) y el nivel de concentrado (alto o bajo), resulta clave para 
la producción de leche en pastoreo. Otros factores como la raza (Holstein-Friesian u 
otras), el número de lactación (primíparas o multíparas), el estado de lactación (inicio o 
final) y el potencial genético del animal (alto o bajo), aunque menos determinantes en 
los sistemas en pastoreo, también influyen sobre la demanda del animal y deben 
tenerse en cuenta para satisfacer los requerimientos energéticos de la vaca y lograr un 























































































IV.0.- EXPERIMENTAL DESIGN, TREATMENTS AND SPECIFIC OBJECTIVES  
 In this Thesis, several experiments were carried out at different research 
centres from Spain (CIAM Galicia), Northern Ireland (AFBI Hillborough), Southern 
Ireland (TEAGASC Moorepark) and France (INRA Pin au Haras) with the main objective 
to go inside the interaction pasture-animal on sustainable pasture-based milk 
production systems. A total of six experimental trials are described with more detail in 
this Chapter, grouped into three major sections following the structure mentioned in 
the Chapter I with: Section 1.- Pasture Intake under Grazing Management, Section 2.- 
The Grazing System and Section 3.- Milk Quality: The Fatty Acids Profile.  
 Nevertheless, as a result of a multidisciplinary approximation to the grazing 
system a review article for HM determination by non-destructive methods was 
realized during the present Thesis and it is presented in the Chapter IV. section 4.- 
Other Research Trials. Also, an experiment on the management of dairy heifers’ 
replacement at pasture was carried out at the CIAM during the Thesis and discussed in 
the Chapter V. Due to collaborations with other research teams working at the CIAM 
other aspects of the grazing system were investigated looking for levels of urea in milk 
comparing silage feeding vs. grazing rations, levels of macronutrients in mixed swards, 
N balance in dairy cows at pasture, nitrous oxide emissions in rotational grazing. And, 
in relation to a PhD stay abroad at Wageningen University (The Netherlands) it was 
studied seasonal variation in milk composition. Some of the results obtained from the 
Thesis have been presented as implications in the Chapter V. section 5 from the point 
of view of technical advising under three Transfer Projects made in 2010 at the CIAM 
regarding on the levels of CLA in raw bovine milk at pasture, sward measurements and 
management of dairy heifers replacement under grazing conditions. 
IV.0.1.- Pasture Intake under Grazing Management 
 The efficient exploitation of fresh grass for feeding dairy cattle requires the 
application of appropriated grassland management strategies designed to maximize 
pasture intake per cow and herbage utilization while at the same time maintaining a 
greater quantity of high sward quality over the grazing season without penalizing milk 
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output. A balance between both sward and milk, in quantity and quality, has to be 
found. PDMI may be maximized by adhering to important sward characteristics such as 
maintaining a high proportion of green leaf, at the base of the sward, while applying an 
adequate stocking rate, herbage mass and daily herbage allowance.  
Trial IV.1.1.- CIAM. Stocking Rate and Stage of Lactation 
 The major determinant factor of grazing management, understood as milk 
output per animal (cow) and per unit of land (hectare, ha) for a given time period, is 
the stocking rate (SR). The specific objective of this first grazing trial carried out at 
CIAM in Galicia (NW Spain) during spring-summer 2007 was to investigate the effect of 
two SR (cows/ha), Low (L, 3.9) and High (H, 4.8), at two stages of lactation (two 
calving dates), S (spring calving, start of lactation) and A (autumn calving, end of 
lactation), on sward quality, pasture DM intake, milk production and quality of 
Holstein-Friesian dairy cows. The four grazing treatments established in perennial 
ryegrass and white clover swards were: LS, LA, HS and HA. 
Trial IV.1.2.- Moorepark. Sward structure: Herbage Mass and Daily Herbage Allowance 
The sward structure plays an important role on pasture intake and milk 
performance of dairy cows and it is a key tool to improve future grassland 
management practices to be implemented at farm level. Two pre-grazing herbage 
masses (HM), Low (L, 1 600) and High (H, 2 400), defined as the amount of grass DM 
per unit of land (kg DM/ha), and two daily herbage allowances (DHA), Low (L, 15) and 
High (H, 20), defined as herbage DM per animal (kg DM/cow/day), were set in a trial 
carried out at Moorepark TEAGASC (Fermoy, Southern Ireland) during spring-autumn 
2008. The four grazing treatments (LL, LH, HL and HH) had the specific objective of a 
better understanding of the effect of HM and DHA on perennial ryegrass sward 
structure, pasture DM intake and milk performance of Holstein-Friesian dairy cows.  
IV.0.2.- The Grazing System 
 The feeding strategy of dairy cattle highly influences the animal performance. 
The way-we-do is very important to feed animals. If herbage is going to be the main 
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source of nutrients, from 6-8 months age to first calving and after several lactations, 
then the grazing system has to be considered as well as the amount and type of 
supplement fed to satisfy animal requirements. The severity and length of the grazing 
cycle (i.e. residence time at pasture) according with the type of the grazing system, 
establishing the farm structure as the surface of land utilized (areas for grass and/or 
silage, level of fertilization, etc.) and number of cows and equipments required, fences, 
water, etc. is not less important than the type of dairy cow selected (breed, stage and 
of lactation and parity, etc.) and the animal behavioural activities observed 
(feeding/grazing, lying, ruminating, standing and drinking, etc.) in the different grazing 
scenarios for dairy cows performance. 
Trial IV.2.1.- Pin au Haras. Residence Time at Pasture, Supplementation and Type of 
Dairy Cow  
A grazing trial was carried out at INRA-Experimental Unit “Le Pin au Haras” 
(Normandy, France) during the period 2001-2005 to study the effect of a long 
residence time (10 days) in a paddock in order to avoid a great number of paddocks. 
Four herds of dairy cows (F0, F4, N0 and N4) were independently grazing three 
paddocks on a 30 days rotation: two cow genotypes, Holstein-Friesian (F) and 
Normande (N), managed at two levels of supplementation at pasture, Low (0) and 
High (4) kg DM/cow/day. The specific objective of this trial was to investigate the 
responses in milk performance, during the whole lactation curves of dairy cows at each 
rotation cycle of grazing, with the maximum of milk yield (MY max.) reached at day 4 
and the drop of milk (Dm) at the end of the cycle (10 day), were determined. 
Trial IV.2.2.- Hillsborough. Feeding System on Cow Behaviour: Grazing vs. Confinement  
The different milk production systems, from grazing systems (outdoors) at low 
cost inputs to the confinement systems (indoors) based on feeding supplements with 
high cost inputs, can cause a great impact on cow behaviour. A trial was carried out at 
AFBI Hillsborough (Northern Ireland) during six weeks in summer 2009 to study the 
differences in the behavioral activities of two cow genotypes, Holstein-Friesian (HF) 
and Jersey crossbred (Jx), using two milk production systems, a low input grazing 
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system (G- Grazing grass) and a high input total confinement system (C- Silage feeding) 
with four treatments established: HF-G, HF-C, Jx-G y Jx-C. A first approach was made in 
order to know the cow daily time budget (time spent feeding/grazing, lying, ruminating 
and standing) at grazing vs. in a confinement system and how these behavioral 
activities might be changed (disrupted or encouraged) using different management 
strategies to be implemented at farm level in order to improve cow performance. 
IV.0.3.- Milk Quality: The Fatty Acids Profile 
 The increasing consumers’ interest in a healthy diet can play an extraordinary 
role on the sustainable systems based on grazing animals. There are actually a high 
number of studies investigating the factors affecting the fatty acids (FA) profile in 
bovine milk summarized in two major categories: the dietary factors (as forage type 
and different fat sources for concentrates) and the physiological factors (as cow breed 
and lactation stage). It was found that a high proportion of fresh grass in dairy cows’ 
diet enhanced the proportion of unsaturated (UFA), beneficial, and decrease the 
saturated (SFA) fatty acids. It is also important to explain the variation in milk FA 
profile, especially in conjugated linoleic acid (CLA), across the grazing season in our 
pasture-based milk production systems due to changes on sward quality across the 
season and the different type and rate of supplements used.  
Trial IV.3.1.- CIAM. Forage Source on Milk Fatty Acids Profile: Grazing vs. Silage 
A trial was carried out at the CIAM (NW Spain) during spring-summer 2008 with 
the specific objective of studying how two types of forage and different proportions of 
them (S, 100% silage; G/S, 50% grazing and 50% silage; G, 100% grazing) used to feed 
Holstein-Friesian dairy cows affected milk quality in terms of milk FA profile and the 
variation of CLA content in milk fat across the grazing season. 
Trial IV.3.2.- CIAM. Concentrate Source on Milk Fatty Acids Profile 
Another trial was conducted at the CIAM in Galicia (Spain) during autumn 2007 
in stable, under silage conditions, with the specific objective of studying the effect on 
milk FA profile of Holstein-Friesian dairy cows supplemented with two types of 
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concentrate at two levels. The oilseeds (C, cottonseed) concentrate (at 5 and 7 kg 
DM/cow/day) was compared to cereal grains (B- barley at 5 kg DM/cow/day). 
IV.0.4.- Other Research Trials 
Trials IV.4.1.- The Assessment of Sward Quality and Grazing Management 
 Measuring Herbage Mass by Non-Destructive Methods 
 From the literature review made during this Thesis in order to find a key to 
budgeting forage in grazing systems of the CIAM, we have realized a review article for 
the assessment of HM by non-destructive methods in pasture. The methods compared 
included visual estimations, manual and electronic pasture meters and remote sensing 
with the aim of establishing the differences between most methods for HM 
determination and try to give an idea of the best equations obtained for different 
authors and how these results could be applied at farm level to have more knowledge 
about appropriate non-destructive methods used actually for measuring HM. 
 Macronutrient Content in Mixed Swards Determined by NIRS  
 In order to have a good control of pasture quality, systematic determination of 
macronutrients was made in the CIAM laboratory. The mixed swards samples collected 
from this Thesis experimental trials and from the Plant Sciences Department at the 
CIAM during 2007-2008 were used in a study with the objective of developing the NIRS 
calibration equations for determining the main quality parameters of Lolium perenne 
L., Lolium multiflorum Lam., Trifolium repens L. and Trifolium pratense L. (n=220). 
 Management of Dairy Heifers at Pasture (CIAM Dairy Replacement System)  
 An experiment on management of dairy herd replacement was carried out 
during the time of the Thesis under one of the main topics at CIAM (NW Spain). The 
Technology Transfer Project Agro-Gallego/FEADER No. 10/65 tried to characterize the 
Mabegondo dairy farm model to increase the reliance on grazed grass and to 
extrapolate our results to Galician dairy farms. The specific objective of this research 
was to measure the growth of two groups of dairy heifers (n=40) during the grazing 
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season of 2009, using grazed grass and some silage supplement, as the main feeding 
sources of nutrients for animals from 8 to 22 months of age. The feeding costs of dairy 
heifers’ replacement are one of the most important points to be minimized in Galician 
farms using available farm resources due to the difficulty to control grass growth and 
animal requirements in order to achieve efficient grassland management practices. 
Trials IV.4.2.- The Milk Chemical Composition and The Urea Test  
 Seasonal Variation in Milk Composition  
Largest fluctuations in cow milk of many countries have been observed in the 
past decades due mainly to the changes in the feeding regimes, breeding strategies 
and dairy cattle management. The largest seasonal variations values are found to be 
mostly of dietary origin, in spite of the fact that dairy manufactures try to keep the 
levels of the main milk components constant all year around. During a PhD stay 
abroad, in The Netherlands, a dataset from a research carried out at Wageningen 
University was used. Bulk milk samples collected, every week in 2005, from 17 dairy 
plants in the Netherlands were pooled together and routinely analyzed for milk 
composition (fat, protein, lactose, casein, cell count, urea and freezing point) with the 
aim of investigate the variations on raw bovine milk across the season. 
 Milk Urea Content as a Tool for the Diagnosis of the Ration 
When management decisions has to be taken, to get an equilibrated ration for 
animals under stable or grazing conditions, it is important to have a good diagnosis 
tool as the urea test developed at CIAM. A trial was performed for this Thesis, to study 
the milk urea (MU) concentration under two feeding regimens, grazing or silage, for 
milk production. From March to August in 2007 at CIAM three herds of Holstein-
Friesian dairy cows (n=92) at different stages of lactation were set: two under grazing 
(G), with spring calving (S) and autumn calving (A) cows, and one indoors (I) with spring 
calving cows. The treatments studied were: GS, GA and IS. The objective was to study 
the feeding system as the same time than evaluated the MU concentration as a 
management target to assess the protein-energy balance of the ration in dairy cows. 
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Trials IV.4.3.- Environmental Aspects in a Pasture-Based Milk Production System  
 Nitrogen Balance in Dairy Cows at Pasture  
The environmental aspects of the sustainable milk production systems based 
on the use of farm resources, in humid areas, are considered of increasing importance 
at CIAM and one of the main values for its implementation in the region. In this Thesis, 
an attempt was made to study the balance of nitrogen (N) to the animal in our 
rotational grazing system, considering the inputs from food (grass, silage and 
concentrate) and outputs (milk and body weight) in collaboration with other CIAM 
team; to see how fit the offer and the animal nutritional N requirements. Four herds of 
Holstein-Friesian dairy cows (n=72), at two stages of lactation, (S) spring calving – start 
of lactation and (A) autumn calving – end of lactation, managed at two stocking rates, 
(L) low and (H) high. The four groups (LS, LA, HS and HA) were grazing independently 
pastures of perennial ryegrass and white clover during two periods, (P1) at the start of 
lactation with supplementation and (P2) at the end of lactation without supplements.  
 Nitrous Oxide Emissions from Pasture  
One environmental aspect of particular importance in pasture-based milk 
production systems is the question arising of animal gas emissions, at grazing grass or 
feeding grass and/or maize silage. More trials are needed about grasslands as 
providers of ruminants fodder considering the whole system to convince consumers 
about the importance of studying the factors to be controlled in order to improve 
these sustainable pasture-based systems. A key factor to increase herbage productivity 
is the SR that also affects the sward quality. When the SR is increased N2O emissions 
could be enhanced. Under the work of this Thesis a research work was made between 
April and November 2007 in collaboration with other CIAM team, with the aim of 
determine N2O rates in a rotational grazing system under two contrasting SR, low (L, 
3.9) and high (H, 5.2), (cows/ha), using spring calving (S) Holstein-Friesian dairy cows. 
The measurements of N2O production in the two grazing treatments: LS and HS were 















































TRIAL IV.1.1.- CIAM          
(Spain, spring-summer 2007) 
 
Stocking Rate and Stage of Lactation 
 
EFFECT OF STOCKING RATE ON PERENNIAL 
RYEGRASS SWARDS QUALITY, PASTURE DRY 
MATTER INTAKE AND MILK PERFORMANCE OF 
HOLSTEIN-FRIESIAN DAIRY COWS AT DIFFERENT 






EFFECT OF STOCKING RATE ON PERENNIAL RYEGRASS SWARDS QUALITY,           
PASTURE DRY MATTER INTAKE AND MILK PERFORMANCE OF HOLSTEIN-FRIESIAN 
DAIRY COWS AT DIFFERENT STAGES OF LACTATION 
 
Short title: Effect of stocking rate and stage of lactation on swards and milk production 
 Abstract. Efficient exploitation of grass for dairy cattle requires the application 
of appropriated grassland management strategies to maximize pasture dry matter 
intake (PDMI) while maintaining high sward quality over the grazing season by applying 
an adequate stocking rate (SR). The aim of this study was to investigate the effect of 
two SR (cows/ha), low (L, 3.9) and high (H, 4.8), on swards chemical composition, PDMI 
and milk performance of Holstein-Friesian cows (n=72) at two stages of lactation (SL), 
spring (S) and autumn (A) calving. Animals were randomly assigned to four groups (LS, 
LA, HS and HA) in a 2x2 factorial design. The high SR groups completed 5 rotations, 
with more grazing days (+13), lower pre- (14.3) and post-grazing (5.3) heights (cm) and 
higher herbage utilization (81.7%). The herbage allowance and PDMI (kg DM/cow/day) 
were lower (p<0.05) with high SR (16.4 and 13.4) but higher (p<0.05) (g/kg DM) protein 
(149.1), carbohydrates (166.7) and digestibility (746.8) and lower (p<0.05) DM (18.4%), 
acid (283.5) and neutral detergent (508.6) fibre (g/kg DM) were found. Sward quality is 
deteriorated (p<0.05) from rotation 1 to 5, lower decrease occurred with high SR. Milk 
yield (MY) was higher (p<0.05) in spring (24.8 kg/cow/day) than autumn calving cows, 
with the lowest (p<0.05) protein (28.9) and fat (36.9) (g/kg DM). No differences were 
found on MY between treatments for SR, but higher protein and fat were reached 
using high SR (+0.9 and +1.0 g/kg DM). Increasing SR is achieved lower PDMI, but 
higher sward quality by good grazing management without penalizing MY and quality. 
Additional key words: calving date; dairy cattle; herbage nutritive value; grassland 
management; grazing pressure; grass intake; pasture-based milk production systems.  
Abbreviations used. ADF (acid detergent fibre), BCS (body condition score), BW (body 
weight), CP (crude protein), DHA (daily herbage allowance), DIM (days in milk), GP 
(grazing pressure); HM (herbage mass), IVODM (digestibility in vitro of organic matter), 
MY (milk yield), NDF (neutral detergent fibre), PDMI (pasture dry matter intake), SEM 




 Galician agrarian economy is very oriented to husbandry with dairy sector as 
the most important social driver, accounting for more than 35% of the total Spanish 
milk quota (2.2 M over 6.0 M kg). For milk production, however, only the 8% of 
permanent pastures in Galicia are utilized and a 16% agricultural land is associated to 
sown pastures, forage maize and crops (MARM, 2009). Over the past 25 years, high 
milk prices have encouraged Galician farmers to thrust in dairy systems with high 
inputs of supplements (mainly maize silage and concentrate) to feed high genetic merit 
dairy cows, machinery for forage conservation and high inputs of fertilizer. 
Nevertheless, with an expected increase on feeding costs and low milk prices in the 
future, limitations will appear to these high inputs milk production systems (Barbeyto-
Nistal and López-Garrido, 2010) due to higher competitiveness between and within 
countries for dairy market (Peyraud et al., 2010). As a result, the Dairy Section in the 
Animal Production Department at the Centro de Investigaciones Agrarias de 
Mabegondo (CIAM) highlights that an increased effort has to be made in Atlantic 
regions on studying sustainable milk production systems, suitable from humid 
grassland areas as Galicia. The use of available farm resources is the way of reducing 
feeding costs for milk production by maximizing pasture dry matter intake (PDMI), with 
a management oriented to get high sward quality with a good efficiency of herbage 
utilization and to achieve high quality milk production per cow (Mosquera-Losada and 
González-Rodríguez, 1999; González-Rodríguez, 2003; Roca-Fernández et al., 2011). 
The aim of an efficient exploitation of fresh grass for feeding dairy cows is also in most 
European research teams (Mayne et al., 2000; Dillon, 2006; Peyraud et al., 2010). 
 The studies on grassland management strategies to improve profitability of milk 
production systems under grazing conditions, have to be implemented at farm level, 
with the primary purpose of supply high quality forage through the season, ensuring a 
good herbage utilization, whilst maintaining acceptable performance of the grazing 
animal by an efficient conversion of grass to milk (Mayne et al., 2000). Despite the high 
regional differences and seasonality of grass production in Galicia, high utilization of 
fresh grass by grazing dairy cows can be the basis of sustainable milk production 
systems (González-Rodríguez et al., 1996; Villada-Legaspi, 2009), as grazed grass is the 
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cheapest source of nutrients available to feed ruminants (French et al., 2007), thus 
enhancing the competitiveness of pasture-based milk production systems worldwide, 
preserving the rural landscape and promoting a clean, animal-welfare-friendly, image 
for dairy cattle production (Dillon, 2006). High genetic merit dairy cows can also 
achieve satisfactory levels of performances, with high economic returns, from only a 
moderate concentrate input, although they do not fully exploit their genetic potential 
(Delaby et al., 1999). Horan et al. (2005) reported annual production of 15,000 kg of 
milk per ha from low amount of concentrates fed per cow. The main interrelating 
factors responsible for the dairy farm productivity appear to be the stocking rate (SR) 
and calving date as the nutritional needs of the stage of lactation (SL) (Dillon et al., 
1995; MacDonald et al., 2008), nitrogen fertilization (Delaby et al., 1998; McGrath et 
al., 1998) and concentrate supplementation at pasture (Bargo et al., 2002). The 
balance between feed supply and demand of a particular calving date herd is 
determined by SR, in the pasture-based milk production systems. An imbalance 
demand-supply will result either underfeeding the dairy herd or waste of excess feed 
(McCarthy et al., 2011). In grazing systems, this interaction is further complicated as 
over/undergrazing of the pasture will affect the successive pasture growth, the 
senescence or the nutritional value of the main feed supply for dairy cows (Holmes et 
al., 2002). Studies for the strategic supplementation of grazing dairy cow diets and the 
appropriate grassland management strategies are necessary when trying to apply the 
results at farm level (Peyraud et al., 2010). 
 The stocking rate, SR, or number of animals per ha for a given time period in 
grazing systems, is a determinant factor of milk output per cow and per hectare 
(Hoden et al., 1991). When SR is increased, affects the grazing pressure (GP), or the 
number of animals per unit mass of herbage, also raised and the daily herbage 
allowance (DHA), considered as the weight of herbage DM per animal, decreases 
(Baker and Leaver, 1986) due to increase the competition of animals for the available 
herbage. This theoretical relationship of the increase in SR and the decrease in 
individual animal performance was early described by Mott (1960). As a consequence, 
despite the lower PDMI and cow performance, there are a significantly increase of the  
efficiency of herbage utilization, expressed as the proportion of herbage removed 
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relative to that is available. O’Donovan et al. (2004) found that animals grazing more 
highly stocked swards removed less herbage (-1.9 kg DM/cow/day) than animals 
stocked at a medium SR, and it may also lead to improved sward quality in subsequent 
grazing rotations. A state of equilibrium, however, must be attained whereby animal 
production from pasture and sward quality are optimized, as low rates of herbage 
utilization will result in wastage and may reduce animal performance during the 
grazing season (McEvoy et al., 2009). Previous studies have shown that increasing the 
SR significantly affects milk output per cow and per ha (McMeekan and Walshe, 1963; 
McFeely et al., 1975; MacCarthy, 1984; Hoden et al., 1991) and also influences on milk 
composition (O’Donovan et al., 2004; Kennedy et al., 2007; Stakelum and Dillon, 
2007a,b; MacDonald et al., 2008; McCarthy et al., 2011). Taking into account these 
findings the aim will be to match pasture and cattle needs, as Stakelum et al. (2007), 
then we focus our research directly on studying the effect of two stocking rates (SR), 
low (L) 3.9 and high (H) 4.8 cows/ha, on the cattle needs of two stages of lactation (SL) 
(start and end), by using two calving dates, spring (S) and autumn (A), on sward 
chemical composition, PDMI and milk performance of Holstein-Friesian cows.  
 
IV.1.1.2.- Materials and Methods 
The study was conducted at the CIAM situated in Galicia, Spain (43o15’N; 
81o18’W), from March 16 to August 2 in 2007. The soil type was a free draining, acid 
brown earth with a silt-loam texture (32% sand, 50% silt and 18% clay) and acid pH 
(5.5). The experimental area was a predominantly perennial ryegrass sward with low 
proportion (less than 10%) of white clover, which after five years old, under a good 
grazing management, showed a very low proportion of other species (less than 20%). 
The swards had been initially sown with a mixture of 22 kg/ha of Lolium perenne cv. 
Brigantia and 4 kg/ha of Trifolium repens cv. Huia.  
 
IV.1.1.2.1.- Weather Climatic Conditions 
 Mean daily temperature during the experimental period in 2007 was 14.8oC. 
Unusually low from March to April, 10.3oC, while in May-August raised to 16.5oC 
compared with the last 7-years average (2001-2007) of 15.3oC and 17.2oC, 
respectively. The total rainfall during the experiment was 227 mm, on average 30 mm 
lower than the last 7-years average, with high monthly variations in spring, from March 
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to May, and in summer, from June to July. The photosynthetic active radiation from 
June to August 2007 was 9.8 MJ/m2xday, similar to the last 7-years average. 
 
IV.1.1.2.2.- Experimental Design and Treatments  
The experiment investigated the effect of applying two SR, low (L) 3.9 cows/ha 
and high (H) 4.8 cows/ha, at two groups of dairy cows at two SL (start and end) with 
different calving date, spring (S, 15th February) and autumn (A, 30th October), in a 
randomized block design with a 2×2 factorial arrangement of treatments. The 
individual herds (LS, LA, HS and HA) were grazing during five months from March to 
August. The following four grazing treatments were imposed in four separately 
experimental farmlets: LS (L, low SR and S, spring calving), LA (L, low SR and A, autumn 
calving), HS (H, high SR and S, spring calving) and HA (H, high SR and A, autumn 
calving). Swards chemical composition, PDMI and milk performance of Holstein-
Friesian cows were determined as means of 20 weeks divided in 4-5 grazing rotations.  
 
IV.1.1.2.3.- Animals and Supplementation at Pasture 
Seventy-two primiparous and multiparous Holstein-Friesian dairy cows were 
randomly assigned to one of four grazing treatments: two calving dates, (S) spring 
calving – start of lactation (n=22+22) and autumn calving (A) – end of lactation 
(n=14+14), each managed at two SR, low (L) (n=36) and high (H) (n=36), rotationally 
grazing individual paddocks of grass-clover pastures. The total area for grazing was 
16.7 ha divided in 26 paddocks of around 0.65 ha. Days in milk (DIM) when the trial 
started was 29 and 167 days, for spring and autumn calving cows, respectively. 
All Holstein-Friesian cows were supplemented from calving to the second 
grazing rotation with silage, 60% grass and 40% maize, mixture. The grass and maize 
silage composition was 22.32 and 33.44% of dry matter (DM), 894 and 962 g/kg DM of 
organic matter (OM), 103 and 76 g/kg DM of crude protein (CP), 376 and 242 g/kg DM 
of acid detergent fibre (ADF), 535 and 460 g/kg DM of neutral detergent fibre (NDF) 
and, 650 and 712 g/kg DM of digestibility in vitro of organic matter (IVODM) for grass 
and silage, respectively.  
The level of concentrate was reduced at turnout to grazing, from 6 to 4 and 
from 4 to 2 kg DM/cow/day for the spring and autumn calving cows, respectively. With 
a further reduction at the end of the second grazing rotation to 2 and 0 kg 
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DM/cow/day for the spring and autumn calving cows, respectively. The concentrate 
contained a mixture of barley (81%), soya flour (14%), vitamin mineral corrector 
(0.2%), dicalcium phosphate (2%), calcium carbonate (2%) and sodium chloride (0.8%) 
with a 88.60% of DM, 165 g/kg of CP, 67.3 g/kg of ash and 46.8 g/kg of fibre. 
 
IV.1.1.2.4.- Grazing Management  
 In order to get a high (4.8) and low (3.9) SR (cows/ha) treatments at the end of 
the grazing season, the Holstein-Friesian cows were offered two slightly different 
allowances DHA (between 15 and 20 kg DM/cow/day, respectively) optimizing the 
grazing interval with a flexible management to each individual treatment. The decision 
rules were the same across the four farmlets, on average, dairy cattle entered into 
paddocks when herbage reached 15-20 cm and left when the residual sward height 
was around 4 cm, as assessed by a rising plate meter (Frame, 1981). 
Animals in the four grazing treatments were rotationally grazing, modifying the 
area using an electric wire, to get the particular DHA in each group. No access to the 
previous days grazing area was allowed by back fencing with temporary wire and all 
paddocks had water supply. Fresh herbage (> 4.0 cm) was allocated to each individual 
herd on a daily basis after the morning milking. Grazing management was determined 
as a routine (Mosquera-Losada and González-Rodríguez, 1998), by weekly monitoring 
of farm pasture cover during all the main grazing season (from spring to summer 
months) during the experiment up to the drought in August restricted the grass supply. 
Residency time was 3-4 days per paddock and cows only returned to the same area 
when a minimum of 2 leaves had appeared on the majority (> 66%) of perennial 
ryegrass tillers. Spring pasture surplus was conserved in a first cut of silage in mid May 
and a second cut in early July of a part of the same area, given always priority to 
grazing in order to maintain a steady grazing pressure (GP) and high sward quality. 
Pastures were not topped at all during the experimental period. 
 Annual fertilizer application to the grazed and silage area was 84 kg/ha of P2O5 
and K2O in February. The nitrogen fertilizer application was 135 kg/ha, in three split, 45 
kg/ha in February and after the first and second grazing rotations, March and April. 
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The silage area received 80 kg N/ha in mid-March and 40 kg N/ha after the first harvest 
in spring. The maize silage area had 600 kg/ha of 8-15-15 (N, P2O5 and K2O). 
 
 
IV.1.1.2.5.- Sward Measurements and Chemical Composition 
 Five random samples (0.33 m x 0.33 m) were taken per paddock before and 
after grazing, cutting to 4 cm above ground level with battery-operated shears, to 
determine herbage mass (HM) per hectare. Each sample was dried at 70oC for 24 h and 
0.5 kg was milled, vacuum packed and stored at -20oC until later chemical composition 
analysis at CIAM by infrared reflectance spectroscopy by NIRS System 6500 (Foss 
Analytical, Hillerød, Denmark), using the equations of calibration described by Castro-
García (1994) for determination of crude protein (CP), acid detergent fibre (ADF), 
neutral detergent fibre (NDF), water soluble carbohydrates (WSC) and digestibility in 
vitro of organic matter (IVODM). 
Five pre- and post-grazing sward heights (SH) were made using a rising plate 
meter (Frame, 1981) before cutting grass in the sample sampling area. The grass and 
maize silage yields were determined weighing the whole trailer loads at the farm. 
When feeding the silage two samples were taken fortnightly for DM content and 
analyses for CP, as described Castro-García et al. (1990), for ADF as mentioned Goering 
and Van Soest (1970) and IVODM as reported Alexander and McGrown (1966).  
 
IV.1.1.2.6.- Pasture, Silage and Concentrate Dry Matter Intake 
 Estimates of HM before and after grazing were used in order to calculate the 
following variables (Freer, 1960; Campbell, 1966; Hodgson, 1979): 
 
Herbage Mass (HM). Expressed as kg DM/ha using the equation: (Ai) + ni*[(Ai-Di-1/ri)] 
 
Daily Herbage Allowance (DHA). Expressed as kg DM/cow/day by: HM/(cow*day) 
 
Pasture Dry Matter Intake (PDMI). Expressed as kg DM/cow/day using the equation: 
[(Ai-Di) + ni*[(Ai-Di-1/ri-1)]/(cow*day) 
 




where Ai= kg DM/ha before grazing; Di= kg DM/ha after the grazing; Di-1= kg DM/ha at 
the last grazing; ni=number of grazing days and ri= number of days between Di-1 and Ai. 
 
 The second term in HM and PDMI estimations ni*[(Ai-Di-1/ri)] is a correction 
factor. No direct measure was made of grass growth during grazing but the pasture 
growth during the previous days’ rest period was known and the mean estimate for 
each paddock for each rotation was applied to the results for each paddock in each 
rotation as a correction factor. It was assumed that the difference between the mean 
growth rate of a sward during the rest period after defoliation and the mean growth 
rate during the grazing period (less than 2.5 days) would not be large enough to 
invalidate the estimate of intake, HM and DHA (Freer, 1960). 
 The silage and concentrate DM intakes were estimated daily from the 
difference between the amount offered and the residue on each day, summing these 
values during the experimental period for each treatment. DM losses were estimates 
from other studies, namely 20% for grass (González et al., 1989) and 12% maize silage 
(Phipps and Wilkinson, 1985), both produced in the previous year. 
 
 
IV.1.1.2.7.- Animal Measurements 
 Body Weight and Body Condition Score. Weekly individual body weight (BW) 
was registered and body condition score (BCS) was scored twice a month, by one 
experienced observer on a 1 to 5 scale (1= severe undercondition and 5= severe 
overcondition), with 0.25 increments as Wildman et al. (1982), during all the trial.  
 Milk Yield and Composition. Milking took place at 08.00 h and 18.00 h daily. 
Milk yield (MY) (kg/cow/day) from each individual cow was recorded daily at each 
milking by Alprow System (Alfa DeLaval, France) and milk samples were collected 
weekly, from two successive evening (Tuesday) and morning (Wednesday) milkings, 
preserved with potassium dichromate and stored at –20°C for milk composition. 
Protein, fat and urea content in milk were determined in the Laboratorio 
Interprofesional Gallego de Análisis de Leche (LIGAL) using infrared spectroscopy by 






IV.1.1.2.8.- Statistical Analysis 
All statistical analyses were carried out using SAS (SAS Institute, 2005). Sward 
measurements were analyzed using analysis of variance by the following model:  
 
Yijkl = μ + Hi + Dj + Rk + Wl (Rk) + Hi×Dj + eijkl 
where: Yijk represents the response of sward k to SR i and SL j; μ is the mean; Hi 
is the SR (i= 1 to 2); Dj is the SL (j = 1 to 2); Rk is the rotation (k = 1 to 5); Wl (Rk) is the 
week within rotation (l = 1 to 20); Hi×Dj is the interaction between SR and SL; and eijkl is 
the residual error term. 
Animal measurements (daily MY, milk composition, BW and BCS) were analyzed 
using the model as follows: 
 
Yijk = μ + Hi + Dj + Hi×Dj + b1Xijk + eijk 
where: Yijk represents the response of animal k managed at SR i and SL j; b1Xijk is 




IV.1.1.3.1.- Grazing Management 
 Four herds of Holstein-Friesian cows were managed at two stocking rates SR 
(p<0.05), low (L, 3.9 cows/ha) an high (H, 4.8 cows/ha) and at two stages of lactation 
SL, spring (S) and autumn (A) calving dairy cows, during the spring-summer grazing 
season in 2007. Results concerning to the grazing management imposed in grass-clover 
pastures are presented in Table IV.1.1.3.1. The high SR was higher (p<0.05, +0.9 
cows/ha) than the low SR in both spring and autumn calving dairy cows. The high SR 
groups had 5 over 4 grazing rotations (p<0.05) than the low SR, with a lower length of 
rotation (H, 27.7 days) compared (p<0.05, ̶ 3.7 days) to the low SR (L, 31.4 days). The 
average grazing area (ha) was lower (p<0.05, ̶ 0.5 ha) in the high SR groups (3.8) than in 
the low SR groups (4.3) and the Holstein-Friesian dairy cows spent more time (p<0.05, 
+13 days) grazing paddocks at high SR (139 days) than did dairy cows managed at low 




Table IV.1.1.3.1. Stocking rate (cows number and grazing area) and rotations (number, 




 L  H 
 S A  S A 
Stocking rate (cows/ha) 4.2a ± 0.3 3.6b ± 0.2  5.4c ± 0.5 4.2a ± 0.3 
Cows number 22 14  22 14 
Grazing area (ha) 5.3a ± 0.42 3.9bc ± 0.4  4.1c ± 0.6 3.4b ± 0.3 
Number of rotations 4a 4a  5b 5b 
Rotation length 31.5a ± 2.0 31.3a ± 1.9  27.8b ± 1.6 27.6b ± 1.4 
Number of grazing days 126a 125a  139b 138b 
1LS (L, low SR 3.9 cows/ha and S, spring calving cows at start of lactation), LA (L, low SR 3.9 cows/ha and 
A, autumn calving cows at end of lactation), HS (H, high SR 4.8 cows/ha and S, spring calving cows at 
start of lactation) and HA (H, high SR 4.7 cows/ha and A, autumn calving cows at end of lactation). 2SEM: 
Standard Error of the Mean. a-d Values in the same row not sharing a common superscript are 
significantly different (p<0.05).  
 
IV.1.1.3.2.- Sward Measurements and Quality 
The changes in the SR affected sward measurements in the short-term, with 
the different pre- and post-grazing SH got, through its influence on DHA per animal 
and on herbage utilization and daily PDMI per cow (Table IV.1.1.3.2.1.). The high SR 
groups had higher GP and lower DHA (p<0.05, ̶ 2.1 kg DM/cow/day) than the low SR 
groups (18.5 kg DM/cow/day). The autumn calving Holstein-Friesian cows, with lower 
feeding needs, were managed at lower SR (then with a high DHA, 18.0 kg 
DM/cow/day) (p<0.05) than the spring calving dairy cows (16.9 kg DM/cow/day). 
 The high SR groups had lower pre- and post-grazing SH (p<0.05, ̶ 2.1 and  ̶ 1.0 
cm) compared to the low SR groups (16.4 and 6.4 cm, respectively), respectively. Pre-
grazing SH was the highest (p<0.05, +1.9 cm) in the autumn calving cows than in the 
spring calving cows (14.8 cm), due to the lower SR of the cows at the end of lactation 
in comparison to those cows at the start of lactation. Cows per ha were superior with 
spring than autumn calving cows. No significant differences between SL for post-
grazing SH were found. The high SR groups presented higher (p<0.05, +3.6%) herbage 
utilization in comparison to the low SR groups (78.1%). The HS treatment, with the 
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highest SR (5.4 cows/ha) applied at spring calving dairy cows, reached the highest 
herbage utilization (82.8%) and the lowest value (76.8%) was found in the LA 
treatment, with the lowest SR (3.6 cows/ha) applied at autumn calving dairy cows.  
Table IV.1.1.3.2.1. Herbage parameters (allowance, pre- and post-grazing sward height 




 L  H 
 S A  S A 
DHA (kg DM/cow/day) 17.9bc ± 0.92 19.0c ± 1.1  15.9ab ± 0.6 16.9b ± 0.7 
Pre-grazing SH (cm) 15.8bc ± 1.8 16.9c ± 2.0  13.7ab ± 0.9 14.8b ± 1.5 
Post-grazing SH (cm) 6.2b ± 0.7 6.5b ± 0.8  5.2a ± 0.2 5.5a ± 0.4 
Herbage utilization (%) 79.4bc ± 2.7 76.8c ± 2.5  82.8a ± 3.3 80.6ab ± 3.0 
PDMI (kg DM cow/day) 14.2bc ± 0.6 14.6c ± 0.7  13.2a ± 0.4 13.6ab ± 0.5 
Silage (kg DM cow/day) 5.0a ± 4.8  3.4a ± 3.5   5.3a ± 5.5 4.7a ± 3.7 
Concentrate (kg DM cow/day) 3.1a ± 0.7 0.9b ± 0.8  3.3a ± 0.7 1.0b ± 0.8 
1See Table IV.1.1.3.1. a-d Values in the same row not sharing a common superscript are significantly 
different (p<0.05). 2SEM: Standard Error of the Mean.  
 
 Pasture DM intake was higher (p<0.05, +1.0 kg DM/cow/day) in the low SR 
groups in comparison to the high SR groups (13.4 kg DM/cow/day). The highest value 
of PDMI (p<0.05) was found in the LA treatment (14.6 kg DM/cow/day) while the 
lowest value was found in the HS treatment (13.2 kg DM/cow/day). No significant 
differences on silage (grass and maize) and concentrate intake were found between 
treatments. The autumn calving dairy cows, at the end of lactation, received lower 
concentrate (p<0.05, ̶ 2.2 kg DM/cow/day) than the spring calving dairy cows (3.2 kg 
DM/cow/day), at the start of lactation. The total DM intake of the four grazing groups 
was 22.3, 18.9, 21.8 and 19.3 kg DM/cow/day for LS, LA, HS and HA, respectively. 
These differences were no significant when comparing low and high SR, (20.6 kg 
DM/cow/day). Total DM intake was the highest (p<0.05, +2.0 kg DM/cow/day) at the 
start than at the end of lactation (19.1 kg DM/cow/day) due to the differences on 
nutrient requirements of dairy cows as lactation curve advanced. 
 The sward chemical composition is affected by the SR showing a long-term 
effect (Table IV.1.1.3.2.2.) on subsequent grazing rotations. On average, the high SR 
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groups showed lower (p<0.05) DM content, ADF and NDF and higher (p<0.05) CP 
content, WSC and IVOMD in comparison to the low SR groups, with no differences 
between lactation stages of dairy cows. The highest CP content, WSC and IVOMD 
(p<0.05, +26.3, +21.9 and 24.8 g/kg DM, respectively) were found in the swards 
managed at the highest SR (5.4 cows/ha), HS treatment, using spring calving dairy 
cows while the lowest (p<0.05) CP content, WSC and IVOMD of the swards were found 
in the LA treatment (127.5, 145.9 and 756.5 g/kg DM, respectively) when the lowest SR 
(3.6 cows/ha) was applied at the autumn calving dairy cows. Moreover, the ADF and 
NDF content of the swards were the lowest (p<0.05, ̶ 18.9 and  ̶ 18.3 g/kg DM, 
respectively) in the HS treatment when the highest SR (5.4 cows/ha) was applied at the 
spring calving dairy cows while the highest (p<0.05) ADF and NDF content of the 
swards were found in the LA treatment (309.6 and 536.3 g/kg DM, respectively) when 
the lowest SR (3.6 cows/ha) was applied at the autumn calving dairy cows. 
 
Table IV.1.1.3.2.2. Sward chemical composition of the four grazing groups managed at 
two stocking rates (L, low and H, high) and at two stages of lactation (S, spring calving 




 L  H 
 S A  S A 
DM (%) 18.48a ±0.572  19.34a ±0.68  16.78b ±0.46 16.81b ±0.44 
CP (g/kg DM) 139.7a ± 5.6 127.5b ± 5.5  153.8c ± 6.7 137.7ab ± 6.2  
ADF (g/kg DM) 298.8ab ± 10.6  309.6a ± 10.2  290.7b ± 10.4 294.3b ± 9.3 
NDF (g/kg DM) 528.7ab ± 15.3 536.3a ± 14.0  518.0b ± 14.9 528.0ab ±12.8  
WSC (g/kg DM) 155.8ab ± 11.5  145.9b ± 10.9  167.8a ± 10.0 154.4ab ± 10.2 
IVOMD (g/kg DM) 767.1a ± 11.9 756.5a ± 13.5  781.3b ± 10.3 768.4ab ± 12.7 
1See Table IV.1.1.3.1. a-d Values in the same row not sharing a common superscript are significantly 
different (p<0.05). 2SEM: Standard Error of the Mean. 
 
 There were differences on sward chemical composition between grazing 
rotations for the two SR applied (Table IV.1.1.3.2.3.). The DM content, ADF and NDF of 
the swards (+9.8%, +138.0 and +192.7 g/kg DM, respectively) were the highest 
(p<0.05) in the rotation 5, when higher proportion of senescent material was found in 
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the swards, compared to the rotation 1 with the lowest values of these sward 
parameters (16.4%, 231.4 and 433.3 g/kg DM, respectively) when higher proportion of 
leaf material was found in the swards. The contrary response was observed for CP 
content, WSC and IVOMD. In fact, the highest (p<0.05) content of CP, WSC and IVOMD 
in the swards were reached when the leaf proportion was at the highest level in the 
rotation 1 (+53.7, +133.0 and +125.4 g/kg DM, respectively) compared to the rotation 
5 when the senescent material was at the highest level due to higher sward quality 
deterioration (105.8, 92.6 and 677.5 g/kg DM, respectively).  
 
Table IV.1.1.3.2.3. Evolution of sward chemical composition across the grazing season 
(from rotation 1 to rotation 5) for the two stocking rates (L, low and H, high). 
 Stocking rate1  Rotations2   
 L H  1 2 3 4 5  SEM3 
DM (%) 20.3a  18.4b  16.4c 17.0d 18.8b 21.3a 26.2e  1.0 
CP (g/kg DM) 131.2a 149.1b  159.5c 146.4b 141.7b 137.9a 105.8d  5.6 
ADF (g/kg DM) 312.3a 283.5b  231.4c 272.9b 312.1a 331.0d 369.4e  8.1 
NDF (g/kg DM) 546.1a 508.6b  433.3c 493.8b 543.7a 581.9d 626.0e  10.6 
WSC (g/kg DM) 148.9a 166.7b  225.6c 177.5b 140.3a 124.1d 92.6e  8.2 
IVOMD (g/kg DM) 730.3a 746.8b  802.9c 754.1b 727.7a 703.0d 677.5e  7.5 
1Stocking rate: L (low SR, 3.9 cows/ha) and H (high SR, 4.8 cows/ha).2Rotations: 1 to 5 (1, March-April; 2, 
April-May; 3, May-June; 4, June-July and 5, July-August).  3SEM: Standard Error of the Mean. a-e Values in 
the same row not sharing a common superscript are significantly different (p<0.05).   
 
 In Figure IV.1.1.3.2. (a-h) is shown the evolution from 1 to 5 rotations of sward 
parameters as pre- and post-grazing SH (a-b) and chemical composition (c-h) for the 
two levels of SR. DM (%) content (c) was lower (p<0.05) in the rotations 3 and 4 for the 
swards when a high SR was applied. The CP content was higher (p<0.05) in the swards 
at high SR than at low SR from rotation 1 to 5, due to the visual observation of a higher 
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Figure IV.1.1.3.2. Evolution of sward parameters: (a) pre- and (b) post-grazing height, 
(c) dry matter, (d) crude protein, (e) acid and (f) neutral detergent fibre, (g) 
carbohydrates and (h) digestibility at two SR (Low and High). a-b Values in the same 









































































IV.1.1.3.3.- Milk Performance and Quality 
 According to the lactation stage of animals, the spring calving dairy cows had 
lower (p<0.05) BW and BCS ( ̶ 17.6 kg and  ̶ 0.15, respectively) in comparison to the 
autumn calving dairy cows (586.3 kg and 3.05, respectively) (Table IV.1.1.3.3.). When 
both groups of cows are at high SR they presented lower (p<0.05) BW and BCS (̶ 12.3 
kg and ̶ 0.13, respectively) than did those cows managed at low SR (583.6 kg and 3.04, 
respectively). The spring calving dairy cows are measured at the start of lactation and 
produced higher (p<0.05) milk yield (kg/cow/day) (+5.3), with the lowest (p<0.05) milk 
protein and fat (̶ 2.4 and   ̶2.2 g/kg DM) content, than the autumn calving dairy cows 
measured at the end of lactation (19.5 kg/cow/day), with the highest (p<0.05) milk 
protein and fat (31.3 and 39.1 g/kg DM) content. The low and high SR groups produced 
22.9 and 21.4 kg/cow/day of milk respectively, with no significant differences between 
them for MY depending on SR applied. Moreover, milk protein and fat content were 
higher (p<0.05) in the high SR groups (+0.9 and +1.0 g/kg DM, respectively) compared 
to the low SR groups (29.7 and 37.5 g/kg DM, respectively) related to the slightly lower 
MY, and higher CP content in the high SR swards, when the cows were managed at 
high SR than when they were managed at low SR.  
 
Table IV.1.1.3.3. Animal parameters (body weight, body condition score, milk yield, milk 
protein and milk fat content) of the four grazing groups. 
 Treatments
1 
 L  H 
 S A  S A 
BW (kg) 574.2a ± 5.62 592.9b ± 8.7  563.1c ± 5.9 579.6ab ± 9.9 
BCS (1-5) 2.95a ± 0.08 3.13b ± 0.09  2.84c ± 0.07 2.97 ab ± 0.08 
Milk yield (kg/cow/day) 25.3a ± 1.2 20.5b ± 1.2  24.3a ± 1.3 18.5b ± 1.2 
Milk protein (g/kg DM) 28.8a ± 0.2 30.6b ± 0.2  29.1a ± 0.1 32.0c ± 0.2 
Milk fat (g/kg DM) 36.7a ± 0.7    38.3b ± 0.7  37.0a ± 0.4  39.9c ± 0.5  
1See Table IV.1.1.3.1. a-d Values in the same row not sharing a common superscript are significantly 
different (p<0.05). 2SEM: Standard Error of the Mean. 
 
 In Figure IV.1.1.3.3.1. (a-d) is shown the milk response of Holstein-Friesian dairy 
cows when they were managed at two SR from rotation 1 to 5. Milk production 
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decreased (b) as season and lactation advanced, with no significant differences 
between treatments for the two SR applied. Pasture DM intake (a) was increasing 
progressively when supplementation (silage and/or concentrate) was reduced in both 
stocking rates SR, being dairy cows more dependant of grass to cover the needs at the 
rotation 5 than at the rotation 1. Milk protein was higher (p<0.05) at high SR across all 


































































































Low SR High SR
 
Figure IV.1.1.3.3.1. Evolution of (a) pasture DM intake and animal parameters: (b) milk 
yield, (c) milk protein and (d) milk fat content of Holstein-Friesian cows managed at 
two stoking rates (Low and High). a-b Values in the same rotation not sharing a common 
superscript are different (p<0.05).   
 
The evolution of MY (kg/cow/day) during the experimental weeks is shown in 
Figure IV.1.1.3.3.2 decreasing progressively across the grazing season as lactation 
progressed. The highest MY was achived by the spring calving groups, at high and low 
SR. From the autumn calving groups, the low SR produced more milk than the high SR. 




























































LS, Low SR and Spring calving
HS, High SR and Spring calving
LA, Low SR and Autumn calving
HA, High SR and Autumn calving
 
Figure IV.1.1.3.3.2. Milk yield (kg/cow/day) evolution during the experimental grazing 
period, at two stocking rates (L, low and H, high) and two stages of lactation (S, spring 
and A, autumn calving), of Holtein-Friesian cows. Treatments: see Table IV.1.1.3.1. 
 
IV.1.1.4.- Discussion 
 One of the primary objectives of pasture-based dairy producers is to maximize 
profitability per ha of grazing land through increased herbage production and 
utilization (Dillon et al., 2008). Improvements in grassland management within such 
systems have resulted in large increases in milk output per ha in experimental herds. 
Many studies on SR (Grainger and Matthews, 1989; Penno and Carruthers 1995; 
Stockdale, 1997; Bargo et al., 2002) and concentrate supplementation at pasture 
(Kellaway and Porta, 1993) have also reported MY and composition responses differ 
between SL in cows managed at different SR. This research started more than 30-years 
ago (McMeekan, 1956; Foot and Line, 1960; Castle et al., 1968; Gordon, 1973) and 
now should be taken into account the modern cow breeds being used globally 
(MacDonald et al., 2008). The reported experiments up to now involved cows differing 
in genetic merit and in farm systems, in which pasture production per ha and 
supplementary feed per cow can be greatly different depending on cows’ lactation 
stage. Now we are approaching to a better understanding of the interaction between 
pasture, through SR, and animal nutritional needs, according to the SL of the herd. 
Therefore, the base of appropriate grassland management strategies should be the 
relation between both factors as an integral part of any grassland based system. 
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Maintaining a balance between optimizing dairy cow performance and sward nutritive 
value is also a dual objective of efficient pasture-based milk production systems in 
humid areas (Gonzalez-Rodríguez A., 200; Kennedy et al., 2007). This idea was the key 
point of our research in order to go inside the relation between the sward, as part of 
the grazing system, and the cow, as a part of the herd, studying the effect of these two 
major factors: SR and SL. The objective of our work was to manipulate the structure of 
grass in the swards by imposing two different SR (low and high) in Holstein-Friesian 
cows managed at two different calving dates (spring and autumn calving) and 
contrasting nutritional needs of dairy cows in a particular stage of lactation, expressed 
as SL (start and end of lactation) when are at grazing. The experiment lasted 20 weeks 
from March to August across the main grazing season providing an opportunity to 
assess the cumulative treatment effects of both factors on sward quality, pasture DM 
intake and milk performance at pasture of Holstein-Friesian cows. The current research 
was dealing with the pasture-animal interaction to study the effects on sward 
characteristics and animal performance through achieving high herbage utilization, 
maintaining high PDMI and sward quality on all spring grazing rotations and to reach 
higher milk quality output per cow and per ha. One important aim is to obtain 
information which can be really extrapolated to on farm grazing management system. 
Nevertheless, further studies will be necessary to complete our research about other 
major factors in the balance of grass intake (as stocking rate) and cattle needs (as stage 
of lactation, in our case) for the future of sustainable grazing milk production systems. 
Increasing the SR during the main grazing season (spring-summer) in both spring and 
autumn calving dairy cows had a positive effect on the quality of the sward when 
strategic supplementation of silage and low rates of concentrate were used at grazing. 
Under our research conditions we got the same amount of milk using less area and a 
higher milk output and milk quality without penalizing significantly milk yield per cow.  
 
IV.1.1.4.1.- Grazing Management  
 In New Zealand, Australia and many parts of Western Europe as Galicia (NW 
Spain), pasture could be the sole feed of the cow for long periods of lactation then it is 
essential to implement appropriate grazing management strategies at farm level with 
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the aim of reducing feeding costs and get profitable pasture-based milk production 
systems (Peyraud et al., 2010). These systems are most suitable for temperate regions 
where pasture growth is seasonal, peaking in spring and declining to a minimum during 
the winter. The farming system most suited to this pasture growth pattern involves a 
compact calving period in spring just before the flush of spring pasture growth, 
attempting, to as great a degree as possible, to match the seasonal supply of pasture 
and the herd intake demand (Dillon et al., 1995). Nevertheless, two different calving 
dates might be used at farm level in order to get a full supply of milk thought the year 
and minimize the impact of one seasonal calving date in order to improve cow fertility 
and decrease the interval between calvings.  
 In a meta-analysis of experiments carried out by McCarthy et al. (2011) using a 
dataset of several experiments (Type I and II) undertook from 1960 to 2008, taking 
cognizance of changes in pasture-based milk production systems such as grazing 
management strategies, supplementation levels at pasture, lactation length and dairy 
cow characteristics the objective of the study was to quantify the milk production 
response per cow and per ha associated with an SR change from an increase on SR. 
Type I experiments reflected the stocking intensity during the grazing season and 
contained both short- and long-term trials. These long-term stocking intensity trials, 
however, did not cause differences in experimental lengths for the different stocking 
intensities within that experiment. In variable length (Type II) experiments, the length 
of the experimental period varied between SR treatments within the respective 
experiment. These Type II experiments reflected the overall SR at farm level and were, 
therefore, a truer reflection of the effect of SR, incorporating both the effects of a 
reduced DHA and an associated reduction in lactation length. The mean SR of the Type 
I data was 3.8 cows/ha, with a mean daily MY per cow and per ha of 17.5 and 9,751 kg, 
respectively. The mean experimental length, grazing cow-days/ha and number of cows 
used in Type experiments were 168, 582 days and 52 cows, respectively. Within the 
Type II experiments, the mean SR was 2.8 cows/ha, which resulted in a mean daily MY 
per cow and per ha of 15.0 and 11,115 kg, respectively. The mean grazing cow-days/ha 
and number of cows used in these experiments were 739 days and 83 cows, 
respectively. The mean lactation length of experiments within the Type II data set was 
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272 days. Our results might be included in the Type I dataset with an average SR for 
spring and autumn calving dairy cows of 3.9 and 4.7 cows/ha, respectively. Moreover, 
mean daily MY per cow was of 22.9 and 21.4 kg/cow/day for low and high SR groups, 
respectively. The mean experimental length in our trial was of 139 days.  
 SR determines how much of the available herbage is eaten by the herd, with a 
greater percentage of the available herbage harvested by the herd at increased SR 
(McMeekan, 1964). Therefore, the SR applied early in the season may have beneficial 
or detrimental effects on the sward and hence on cow performance later in the season 
as happened in our trial when swards were managed at high and low SR, respectively. 
Lax grazing leads to substantial losses in herbage production through senescence and 
decay (Tainton, 1974). Bircham and Hodgson (1983) have shown how net production 
of green herbage from continuously stocked swards represents the balance between 
growth and senescence of tillers and tiller population density. Furthermore, sward 
quality, another essential factor in milk production, tends to be positively associated 
with grazing severity in the previous defoliation (Lee et al., 2008a), decreasing with 
higher grazing residuals (reduced grazing severity) and representing a potential 
reduction in future milk production with increasing DHA and decreasing SR.  
 
IV.1.1.4.2.- Sward Measurements and Quality 
 Pasture grown tended to increase linearly with increasing SR, partly offsetting 
the decline in available pasture per cow with low DHA (kg DM/cow/day) in the high SR 
groups (16.4) compared to the low SR groups (18.5). In addition to the tendency for an 
increase in pasture grown per ha with increasing SR, pre- and post-grazing sward 
height (cm) also declined in the high SR groups (18.5 and 7.4, respectively) compared 
to the low SR groups (16.4 and 6.4, respectively), reflecting an increase in herbage 
utilization rates (%) with increasing SR in the high SR groups (81.7) compared to the 
low SR groups (78.1) that is consistent with the linear increase in pasture consumed 
per ha reported by MacDonald et al. (2008). Perennial ryegrass dominant pastures, as 
used in the current study, tend to follow a sigmoidal pattern of growth (Voisin, 1959), 
beginning slowly before increasing exponentially until the complete emergence of the 
third live leaf. At this point, leaf senescence equals emergence and there is little 
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additional net growth of leaf. Stakelum and Dillon (2007a) found a significant effect of 
sward type in live leaf, high quality swards contained a lower HM and had a higher 
proportion of live leaf (>45 mm; 60%) compared to medium and low quality swards 
(47.3% and 36.2%, respectively). These sward quality differences were generated by 
repeatedly grazing at three different SR which resulted in varying post-grazing sward 
heights (47, 57 and 60 mm post-grazing sward surface height). Kennedy et al. (2007) 
reported that when pastures were defoliated in early spring a superior quality sward 
(higher OMD, CP and lower NDF) resulted, during the rotation 2. Moreover, grazing the 
sward at the three leaf stage is designed to graze the sward when it is at its highest 
sward quality (Fulkerson and Donaghy, 2001). O’Donovan and Delaby (2008) found 
greater OMD values with early grazed swards with lower defoliation heights which 
were directly related to the higher leaf composition of the sward. Similarly, Jacobs et 
al. (1998) associated an increasing HM with a decline in DM digestibility and CP, and 
increased NDF. These differences are likely due to differences in proportions of leaf, 
stem and senescent materials in the sward.  
 A further factor contributing to an increase in pasture production with 
increasing SR could be the decreased pasture residual mass (i.e., the amount of 
pasture remaining following grazing). Grass plants need periodic close defoliation to 
renew photosynthetic efficiency and to prevent shading of tiller bases. Based on a 
number of studies, Hunt and Brougham (1967) reported that where repeated lax 
defoliation of perennial ryegrass left enough herbage to intercept 95% of incident 
light, the amount of green leaf and the number of tillers initiated progressively 
declined, while the proportion of dead material increased. Consistent with this, Lee et 
al. (2008b) reported a quadratic effect of post-grazing residual mass on pasture 
growth, with pasture production declining at low and high residuals. Lee et al. (2007) 
reported no negative effect of grazing pastures to 1,260 kg of DM/ha residuals 
(measured to ground level) on subsequent pasture production, suggesting that 
residuals must be below this to compromise pasture growth.  
 The effect of lower grazing residuals with increasing SR is also manifested in the 
chemical composition of high SR swards. The increasing SR and the associated decline 
in post-grazing residual mass of the high SR swards resulted in a decline in DM, ADF 
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and NDF content and an increase in CP content, WSC and IVODM. This is in line with 
results presented by McCarthy et al. (2011). In general, it is assumed that management 
changes associated with increased SR result in an improvement in sward quality. This is 
despite the longer grazing interval and associated advancement in pasture maturity 
and the greater amount of mechanical cutting that was undertaken in the lower 
stocked farmlets compared to the higher stocked farmlets. Fales et al. (1995) also 
reported increased sward quality with higher SR and Lee et al. (2007) reported a lower 
ADF and NDF and higher IVOMD in swards that had been grazed more severely in the 
previous grazing. The result is an effect of a greater proportion of live leaf and less 
senescent material in the swards. Roca-Fernández et al. (2011) also found that the high 
DHA, 20 over 15 kg DM/cow/day, using a low HM swards (1,600 kg DM/ha) improved 
sward quality presenting lower stem and dead DM yield (>4.0 cm), higher PDMI and 
MY and more milk solids per cow and per ha. The results from the study carried out by 
Curran et al. (2010) highlighted the importance of using low HM swards in the early 
part of the grazing season by getting a low post-grazing residuals and a high herbage 
utilization that enabled grazing cows to achieve better performance.  
 Stakelum and Dillon (1990) also indicated that a high GP in spring increased 
OMD by 39 g/kg DM compared to the sward that had a lower GP applied in spring (756 
g/kg DM). Green leaf content of the sward was higher (+ 0.13), while stem and dead 
proportions were reduced (-0.06 and -0.07, respectively). O’Donovan et al. (2004) 
reported that swards first grazed during March had a higher CP (+14 g/kg DM) and 
OMD (+40 g/kg DM) content compared to swards that were first grazed during mid-
April (CP, 198 and OMD, 785 g/kg DM, respectively) after the first grazing rotation. 
Both experiments are in line with the results obtained in our trial and results reported 
by Curran et al. (2010). Moreover, Stakelum and O’Donovan (1998) reported results 
from several experiments investigating the effect of sward digestibility on animal 
performance. For this, swards with differing digestibility were created (730 and 710 
g/kg OMD) by grazing to different post-grazing sward heights. Daily MY declined by 1.0 
and 1.3 kg/cow for the 730 and 710 g/kg  OMD sward, respectively while DM intake 
was reduced by 0.6 and 1.7 kg/cow for each level of digestibility. This agrees with our 
results due to a progressive increase in DM, ADF and NDF content is observed in our 
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swards from rotation 1 to 5 and the increase is higher in the low SR swards compared 
to the high SR swards. In addition, the CP content, WSC and IVODM decrease 
progressively from rotation 1 to 5 and the decrease is lower in the high SR swards 
compared to the low SR swards. In the vegetative stages of growth, the CP content in 
grasses declines as the plant approaches maturity, also there is a systematic decrease 
in CP from the top to the base of the sward (Duru, 2003), parallel to leaf lamina 
proportion down through the sward profile. Minson et al. (1960) determined a fall of 
2.2g/kg DM/day of CP between preshooting and full flowering of perennial ryegrass.  
 
IV.1.1.4.3.- Milk Performance and Quality  
 The effect of applying different SR on cow performance is not yet consistent 
between researchers due to different types of supplements fed at pasture, the 
potential genetic merit of cows for milk production and the differences between SL. In 
our experiment, an increase of SR from 3.9 to 4.8 cows/ha in both spring and autumn 
calving dairy cows did not show any significant effect on MY when total DM intake of 
animals was equal for low and high SR groups. However, carried out by Kennedy et al. 
(2006) comparing a high and medium SR (6.5 and 5.5 cows/ha, respectively) reported a 
negative effect of SR on milk and milk components yield and milk protein percentage, 
consistent with the findings reported by McDonald et al. (2008). Similarly, earlier 
studies (Castle et al., 1968; Gordon, 1973) reported a negative effect of SR on MY per 
cow but a positive effect on MY per ha. Nevertheless, two recent studies evaluating 
the effect of SR showed only a very small (∼100 kg of milk; Dillon et al., 1995) or no 
effect (Fales et al., 1995) of SR on MY per cow as happened in our trial. However, in 
the study of Fales et al. (1995), concentrates were fed in proportion to milk production 
(0.25 kg of grain/kg of milk, with a minimum of 4 kg of DM/day), effectively removing 
the negative effect of the SR imposed feed restriction in early lactation. Similarly, the 
comparison published by Dillon et al. (1995) delayed the calving date by 7 weeks and 
then compared low versus high SR; the later calving date in effect removed the early 
lactation feed deficit associated with the higher SR. In addition, neither system was 
purely grazing, with both requiring confinement during early and late lactation and 
including a strategy of supplementing dairy cows with supplements when sufficient 
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pasture was not available. Similarly, the short-term SR comparison of Baker and Leaver 
(1966) desired grazing residuals.  
 Wales et al. (1999), Delaby et al. (2001), Bargo et al. (2002), Stakelum and 
Dillon (2007b), McEvoy et al. (2009), Curran et al. (2010) and Roca-Fernández et al. 
(2011) showed that MY were consistently lower for the low DHA treatments as 
happened in the current experiment with the high SR groups for both spring and 
autumn calving dairy cows. The reason for lower MY per cow as SR increased in our 
trial might be as a result of lower PDMI in the high SR groups due to lower DHA despite 
supplements were fed at pasture trying to keep equals total DM intakes in both SR 
treatments. Intakes estimated using a dual indigestible marker system (n-alkanes) by 
Dillon and Stakelum (1989) showed a quadratic decline in pasture consumed during 
the start of the grazing season and this idea is supported by the increasing deficit in 
pasture availability in early lactation with increasing SR. Spring and autumn calving 
dairy cows on the high stocked treatments received more silage (grass and maize) in 
lieu of available fresh grass, but even high quality silage does not support milk 
production as effectively as fresh grass (Dillon et al., 2002). This is an important 
observation made by MacDonald et al. (2008) because it infers that if feed of 
equivalent quality to the pasture being consumed were purchased for the more highly 
stocked dairy cows in early lactation to elevate their lactation profile, and in particular 
their peak MY, to that of the less severely stocked dairy cows, it may be possible to 
capture more than 70% of the difference in MY per cow between SR with only a 
modest investment in supplementary feeds in early lactation.   
 In our study, the lack of significant effect of SR on MY per cow as found also by 
Fales et al. (1995) and Roche (2007), who reported responses to supplementing 
restricted cows, high SR, with additional pasture during the first 5 weeks of lactation 
that were twice greater than the immediate response measured and approximately 
2.5 times greater than the average published response (Bargo et al., 2003). Further 
research is, however, required in order to determine the benefit of strategic use of 
supplementary feeds to cows on high SR systems in early lactation. Although there was 
a negative association between SR and MY per cow, the effect of SR on MY per ha was 
positive as in earlier works (Castle et al., 1968, 1972; Gordon, 1973; Fales et al., 1995) 
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in which milk production per ha increased with increasing SR irrespective of the effect 
of SR on MY per cow.  
 From data of the meta-analyses carried out by McCarthy et al. (2011), an SR 
increase of one cow/ha resulted in a decrease in daily MY per cow of 7.4% and 8.7% 
for Type I and Type II dataset, respectively, whereas MY per ha increased by 20.1% and 
19.6%, respectively. Within the Type II experiments, a one cow/ha increase in SR also 
resulted in a 15.1% reduction in lactation length (equivalent to 42 days). In a historical 
review of SR experiments, Journet and Demarquilly (1979) reported that an SR 
increase of one cow/ha resulted in a mean reduction in milk production per cow of 
10%, but an increase in production per ha of over 20%. In our study MY decreased on 
average by 4.0% and 9.8% for spring and autumn calving cows, respectively. 
McMeekan and Walshe (1963) considered that the optimum SR for grazing is such that 
the reduction in production per cow is 10% to 12% of the potential production 
obtained at a low SR and our results are in this range of values mentioned. The actual 
reduction in MY observed at spring and autumn calving cows for both SR (1.0 and 2.0 
kg/cow/day, respectively) was related to a similar decrease on DHA (2.0 and 2.1 kg 
DM/cow/day, respectively). However, autumn calving dairy cows had lower total DM 
intake than spring calving dairy cows.   
 McCarhy et al. (2011) also found that a one cow/ha SR increase resulted in a 
decrease in daily milk protein and fat per cow of 8.2% and 6.3% and an increase in milk 
protein and fat per ha of 16.9% and 21.0%, respectively. An increase in BW/ha of 100 
kg reduced per cow yields for milk production variables by a mean value of 1.5%, 
whereas per ha yields increased by 3.7%. In the current study, milk protein and fat 
increased by 1.0 and 0.8% for spring calving dairy cows and by 4.4 and 4.0% for 
autumn calving dairy cows, respectively. Peyraud et al. (1996) and Maher et al. (2003) 
showed increases in milk protein content when animals were offered a high DHA (31.3 
and 33.6 kg DM/cow/day, respectively). McEvoy et al. (2009) and Bargo et al. (2002), 
however, reported no differences in milk fat content between treatments in mid- or 
late lactation. In our trial, BW and BCS decreased by 1.9% and 3.8% for spring calving 
dairy cows and by 2.2% and 5.1% for autumn calving dairy cows, respectively.   
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 Although a decline in MY per cow is normally found with increased SR 
(McMeekan and Walshe, 1963; Kennedy et al., 2006; MacDonald et al., 2008) as 
happened in our experiment, but not significantly, with the high SR groups at both 
calving dates, over a wide range of SR the relationship is curvilinear (Mott, 1960). 
Previous studies have also observed that as SR increases, MY per cow declines due to 
reduced DHA and PDMI associated with increased grazing severity (Le Du et al., 1981), 
increased feed demand relative to animal requirements (Penno, 1999) and the inability 
of the animal to select greater quality herbage from within the sward. Our study 
corroborated these findings due to the high SR groups, in both spring and autumn 
calving dairy cows, showed lower pre- and post-grazing sward heights, DHA and PDMI 
but higher herbage utilization. The same authors suggested that the favorable effects 
on milk production per ha with an increased SR are in part due to reduced herbage 
wastage (McMeekan, 1964), improved herbage growth and sward quality associated 
with increased grazing severity (MacDonald et al., 2008) and increased energetic 
efficiency associated with reduced BW and body condition gain during lactation 
(McMeekan, 1964). Meta-analysis of SR carried out by McCarthy et al. (2011) showed 
that the proportion of area refused in a paddock is lower at increased SR, thus 
indicating greater herbage utilization. At increased SR, the density of the herbage is 
also slightly increased; therefore, there is an increase in the amount of herbage 
harvested and energy intake per ha is increased (Faverdin et al., 2007) resulting in an 
increase in milk production per ha (Hoden et al., 1991).   
Spring calving pattern is the best way to adapt nutritional cows’ needs to 
herbage production in temperate humid countries, but makes milk yields very 
seasonal. Under Galician conditions with a good autumn grazing it is possible to avoid 
this by keeping two calving dates, spring and autumn, on the farm with two peaks 
thought the year and get a more steady supply of milk through the year allowing dairy 
farmers a better control of the calving intervals and fertility of individual cows.    
 
IV.1.1.5.- Conclusions  
 The stocking rate (SR), adapted to the stage of lactation (SL), affects swards 
chemical composition and pasture dry matter intake (PDMI) of dairy cows. This is a key 
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point of research in milk performance of sustainable pasture-based milk production 
systems where optimal milk output per cow and per ha should be achieved. This 
experiment are raising the possibility of increasing SR, providing an appropriate 
feeding according to a determinate SL or calving pattern of dairy cows, while 
maintaining high levels of herbage utilization. That would increase the efficiency of 
milk production from available farm resources. 
The results in this study highlight the need to apply the appropriate SR adjusted 
to feed demand, according to the SL, throughout the lactation curve. The SR is the 
major factor in the complex interrelation between pasture and animal for maintaining 
high quality swards across the grazing season and optimizing pasture production of low 
cost feeding system in a profitability dairy farming scenario. Our results show that an 
increase of SR was possible, despite a lower daily herbage allowance, without 
penalizing milk performance when dairy cows had a strategic supplementation at 
pasture in the peak yield. The higher grazing pressure of high SR gives better herbage 
utilization, with lower pre- and post-grazing sward heights, resulting in an increase of 
sward quality as grazing season advances. The lower pasture intake had lower DM and 
fiber content, but higher crude protein, carbohydrates and digestibility of organic 
matter, and provides a good milk response without penalizing yield and quality of milk 
produced during the lactation.  
The better knowledge of the relation between pasture through the SR and the 
cow nutritional needs at each SL can help to adopt good grassland management 
strategies to be transferred directly to the dairy farms, like establishing a grass feed 
budgeting taking advantage of pasture growth under local conditions and sward 
quality. This would achieve the highest PDMI to match the cow needs across the 
grazing season, providing the best milk performance and optimizing farm profitability.  
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RESUMEN CAPÍTULO IV.1.1. 
 
EFECTO DE LA CARGA GANADERA SOBRE LA CALIDAD DEL PASTO DE RAIGRÁS INGLÉS, 
LA INGESTIÓN DE MATERIA SECA Y LA PRODUCCIÓN DE LECHE DE VACAS HOLSTEIN-
FRIESIAN  EN DIFERENTE ESTADO DE LACTACIÓN 
 
Un uso eficiente de la hierba verde por el ganado vacuno lechero requiere de la 
aplicación de apropiadas estrategias de manejo del pasto para maximizar la ingestión 
de materia seca de la hierba (PDMI) mientras se mantiene una alta calidad del pasto en 
oferta durante el pastoreo, aplicando una adecuada carga ganadera (SR). El objetivo de 
este estudio fue investigar el efecto de dos SR (vacas/ha), baja (L, 3,9) y alta (H, 4,8), 
sobre la composición química del pasto, la PDMI y la producción de leche de vacas 
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Holstein-Friesian (n=72) en dos estados de lactación (SL), partos de primavera (S) y 
otoño (A). Los cuatro grupos (LS, LA, HS y HA) se estudian en un diseño factorial 2x2. 
Los grupos con alta SR completaron 5 rotaciones, con más días de pastoreo (+13), 
menores alturas (cm) pre-pastoreo (14,3) y post-pastoreo (5,3) y mayor utilización del 
pasto (81,7%). La disponibilidad de hierba y la PDMI (kg MS/vaca/día) fueron menores 
(p<0,05) con alta SR (16,4 y 13,4) pero con mayores contenidos (p<0,05) (g/kg MS) en 
proteína (149,1), carbohidratos (166,7) y digestibilidad (746,8) y menores (p<0,05) en 
MS (18,4%), fibra ácido (283,5) y neutro (508,6) detergente (g/kg MS). La calidad del 
pasto se vio deteriorada (p<0,05) de la rotación 1 a la 5, siendo el descenso menor 
cuando se aplicó la alta SR. Las vacas de partos de primavera (24,8 kg/vaca/día) 
produjeron más leche (MY) (p<0,05) que las de otoño, pero con menores (p<0,05) 
contenidos de proteína (28,9) y grasa (36,9) (g/kg MS) en leche. No se observaron 
diferencias en la MY entre tratamientos para las dos SR, sin embargo, la alta SR tuvo 
mayores contenidos de proteína y grasa (+0,9 y +1,0 g/kg MS). Al aumentar la SR se 
logra una menor PDMI, pero una mayor calidad de la hierba al aplicar buenas prácticas 
de manejo del pasto sin penalizar la producción y la calidad de la leche. 
Palabras clave adicionales: fecha de parto; ganado vacuno lechero; ingestión de 
hierba; manejo del pasto; presión de pastoreo; valor nutritivo de la hierba; sistemas de 
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EFFECT OF PRE-GRAZING HERBAGE MASS AND 
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EFFECT OF PRE-GRAZING HERBAGE MASS AND DAILY HERBAGE ALLOWANCE ON 
PERENNIAL RYEGRASS SWARDS STRUCTURE, PASTURE DRY MATTER INTAKE              
AND MILK PERFORMANCE OF HOLSTEIN-FRIESIAN DAIRY COWS 
 
Short title: Effect of herbage mass and allowance on perennial ryegrass swards and 
milk performance  
Abstract. To maximize milk output and milk solids per hectare from grazing 
dairy cows it is necessary to identify the level of grazing swards in order to achieve 
high pasture dry matter intake (PDMI). The aim of this study was to investigate the 
effect of pre-grazing herbage mass (HM) and daily herbage allowance (DHA) on 
perennial ryegrass (Lolium perenne L.) swards structure, PDMI and milk performance. 
Sixty-four spring calving Holstein-Friesian dairy cows were balanced and randomly 
assigned to one of four (n=16) grazing groups (LL, LH, HL and HH) in a 2x2 factorial 
design. The treatments consisted on two pre-grazing HM, low (L, 1,600 kg DM/ha) or 
high (H, 2,400 kg DM/ha) and two DHA, low (L, 15 kg DM/cow/day) or high (H, 20 kg 
DM cow/day). Swards structure, PDMI and milk performance were examined across 
the grazing season. The low HM groups completed 9.5 rotations of average 22 days 
length compared to 6.5 rotations of 32 days for the high HM groups. Herbage 
utilization was greater (p<0.001) when animals offered the low DHA (98.0%) compared 
to the high DHA (89.9%). Stem and dead DM yield (>4.0 cm) were lower (p<0.001) for 
the low HM (221 and 170 kg/ha, respectively) than for the high HM (388 and 303 
kg/ha, respectively). The high DHA had higher (p<0.001) milk output (19.5 kg/day) and 
milk solids (1.46 kg/cow). The highest milk outputs per ha and per cow were achieved 
by LH (L, 1 600 kg DM/ha and H, 20 kg DM cow/day), with low post-grazing residuals 
and high sward quality. 
Additional key words: grass intake; grazing management; herbage utilization; milk 
output per hectare; pasture allowance; spring-calving cows; sward quality. 
Abbreviations used. BCS (body condition score), BW (body weight), DHA (daily 
herbage allowance), DIM (days in milk at the start of the experiment), HM (herbage 
mass), OMD (organic matter digestibility), PDMI (pasture dry matter intake), SEM 




Irish milk production systems are mainly pasture-based spring-calving dairy 
cows in order to maximize milk performance per hectare (ha) and per cow by 
increasing the organic matter digestibility (OMD) of the swards and the pasture dry 
matter intake (PDMI) of the cows (Stakelum and Dillon, 2007). With the abolition of 
European milk quotas in 2015 and the feeding costs projected to rise, the major 
purpose for the Irish dairy industry is to increase the efficiency use of grazed grass in 
the diet of the lactating cows (McEvoy et al., 2009). Dillon et al. (2005) have shown 
that a 10% increase in the proportion of grazed grass managed for Irish dairy farms 
may help to reduce the cost of milk produced by 0.025 €/L and to reduce ever-
increasing costs of milk production (Keneddy et al., 2007). Using efficiently perennial 
ryegrass swards grazed rotationally as the primary diet source to feed cows affords 
Irish farmers the opportunity to increase milk output per cow (Dillon et al., 2002), milk 
protein content (Kennedy et al., 2005) and herbage utilization (O´Donovan et al., 2004) 
affecting sward quality for subsequent grazing rotations (Keneddy et al., 2006).  
Understanding the important role that pre-grazing herbage mass (HM) and 
daily herbage allowance (DHA) plays on swards morphological composition, PDMI and 
milk performance of dairy cows at pasture is a key tool for a better knowledge of the 
interaction between swards and animals to improve future grassland management 
practices which can be implemented at farm level with the aim of reducing feeding 
cost of production and increasing both swards and milk quality and quantity. 
Maintaining a proper balance between optimizing dairy cows’ milk performance and 
improving swards feeding value is a dual purpose for using more efficiently farm 
resources and to increase profitability of sustainable dairy systems worldwide 
(Kennedy et al., 2007; González-Rodríguez et al., 2008; McEvoy et al., 2009; Roca-
Fernández et al., 2009). 
In rotational grazing systems, rapid changes in swards structure can appear 
which affect subsequently dairy cows’ milk performance (Combellas and Hodgson, 
1979). Maintaining high swards quality as the grazing season progresses is the major 
challenge for appropriate grassland management systems at farm level nowadays. At 
maximum grass growth, the herbage DM offered exceeds the demand of animals and 
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quality tends to deteriorate due to a higher proportion of senescent material in the 
swards. Reducing HM at swards can increase the grass feeding value with higher 
digestibility, more leaf proportion and, less senescent material across the grazing 
season, increasing also the PDMI of dairy cows (Holmes et al., 1992; Peyraud et al., 
1996; O´Donovan and Delaby, 2008).  
Hoogendoorn et al. (1992) reported an increase in milk yield, milk fat and milk 
protein content when cows grazed low HM as opposed to medium HM at a similar 
DHA. Stakelum and Dillon (2007) also found an increased selection of higher 
digestibility herbage and green leaf content, with higher milk output per cow, on 
severely grazed swards in comparison to laxly grazed swards. As the quantity of DHA 
increases, the level of refused pasture normally increases and leading to a decrease in 
swards quality in subsequent grazing rotations (Lee et al., 2008), but sometimes the 
levels of milk production can show an increase (Stakelum, 1986).  
It seems that the combination of low HM and high DHA by using stocking rates 
(O´Donovan and Delaby, 2008) or just setting the treatments directly as happened in a 
previous work realized by the same research team, studying the effect of two HM        
(1,700 or 2,200 kg DM/ha) and two DHA (16 or 20 kg DM/cow/day), obtained the 
highest milk output per ha and per cow, maintaining low post grazing residuals and 
high sward quality (McEvoy et al., 2009).  
The objective of this new research was to investigate how similar treatments to 
those established previously, two levels of pre-grazing HM (1,600 or 2,400 kg DM/ha) 
and two levels of DHA (15 or 20 kg DM/cow/day), affect the sward structure, the PDMI 
and the milk performance of spring-calving Holstein-Friesian dairy cows across the 
grazing season. 
 
IV.1.2.2.- Materials and Methods 
The study was conducted at Moorepark Research Centre, Fermoy, Co. Cork, 
Ireland (50o7’N; 8o16’W) from April 4 to October 31 in 2008.  The soil type was a free 
draining, acid brown earth with a sandy loam-to-loam texture. The experimental area 
was a perennial ryegrass sward (Lolium perenne L.) from an initial mixture of three 
late-heading diploid cultivars (Twystar, Cornwall and Gilford) with no white clover 
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(Trifolium repens L.), which after six years old, under a good grazing management, 
showed a very low proportion of other species.  
 
IV.1.2.2.1..- Weather Climatic Conditions 
 Main climatic weather variables (Tª and mean rainfall) during the experimental 
period were atypical compared to the last 10-years average (1998-2008). Total 
monthly rainfall was greater during the grazing season in 2008 than the 10-years 
average for the months June (94 mm, +32%), July (135 mm, +125%) and August (118 
mm, +45%). However, in April (38 mm,  ̶ 45%) and May (51,  ̶ 28%), total rainfall was 
lower than the 10-years average. The total rainfall during the experimental grazing trial 
in 2008 (639 mm) was 75 mm higher than the 10-years average (564 mm). Mean daily 
temperatures in 2008 were 0.5-1oC lower than the 10-years average. April and October 
in 2008 (7.9 and 9.2oC) were colder months compared to the other five months and 
were 0.8 and 1.4oC colder than the 10-years average, respectively. 
 
IV.1.2.2.2.- Experimental Design and Treatments 
The experiment investigated the effect of offering two target levels of pre-
grazing HM (>4cm), low (L, 1,600 kg DM/ha) or high (H, 2,400 kg DM/ha) and two 
target levels of DHA, low (L, 15 kg DM/cow/day) or high (H, 20 kg DM/cow/day) on 
perennial ryegrass swards structure, PDMI and milk performance of spring-calving 
Holstein-Friesian dairy cows. A randomized block design with a 2×2 factorial 
arrangement of treatments was applied and results in this paper are expressed as 
means of thirty weeks at grazing pastures. Two levels of pre-grazing HM were created 
experimentally with a differential dry matter (DM) yield maintained at 800 kg DM/ha 
across the grazing season. Two levels of DHA were offered across the two HM 
treatments, these had a differential of 5 kg DM/cow/day maintained in all the 
rotational grazing paddocks. The following four grazing treatments were imposed 
during seven months in four separately experimental farmlets: LL (low HM, 1,600 kg 
DM/ha and low DHA, 15 kg DM/cow/day), LH (low HM, 1,600 kg DM/ha and high DHA, 
20 kg DM/cow/day), HL (high HM, 2,400 kg DM/ha and low DHA, 15 kg DM/cow/day) 




IV.1.2.2.3.- Animals and Grazing Groups 
Sixty-four spring calving Holstein-Friesian dairy cows, primiparous (n=24) and 
multiparous (n=40), were selected from the experimental Moorepark dairy herd. Cows 
grazed in one large herd from calving to the commencement of the experiment and 
they were offered 4 kg of concentrate per cow and per day. In the week before the 
starting week of the study, concentrate supplementation was reduced progressively 
and animals were removed from the diet on the day prior to the experimental grazing 
period started.  
Cows were balanced on calving date (February 11 ± 23.9 days), lactation 
number (2.6 ± 1.74), pre-experimental milk yield (29.3 ± 4.8 kg/cow), milk fat content 
(43.9 ± 0.88 g/kg), milk protein content (33.4 ± 0.29 g/kg), body weight (BW) (513 
± 74.4 kg) and body condition score (BCS) (2.96 ± 0.55). Animals were then blocked 
into the following four grazing groups (LL, LH, HL and HH) and each group was 
randomly assigned to one of the four different grazing treatments (n=16). Cows were 
on average 53 days in milk (DIM) when the experiment commenced. No concentrate 
was offered at all during the experimental period. 
 
IV.1.2.2.4.- Grazing Management  
The entire experimental area was rotationally grazed once during the pre-
experimental period (February 11 to April 3) to a similar post-grazing height of 4.0 ± 
0.07 cm and differences in pre-grazing HM were created by varying the time period 
between initial grazing and applying the experimental grazing treatments. The 
pastures designated to the high HM treatments were grazed initially followed by the 
low HM pastures thus creating a longer regrowth interval.  
The experimental grazing area comprised of 21.3 ha divided into ten paddocks. 
Five paddocks were randomly assigned to the low HM treatments and the remaining 
five paddocks were assigned to the high HM treatments. These paddocks were 
subsequently divided into 2 sub-paddocks and permanently fenced. Sub-paddocks 
were randomly assigned to one of the two DHA treatments, with five sub-paddocks 
per treatment. A similar grazing area (farmlet) was available for each treatment and 
each treatment was managed independently of all the other treatments. The first 
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three sub-paddocks grazed per treatment were assigned as grazing only paddocks. The 
remaining two sub-paddocks per treatment were conserved as silage when the farm 
cover reached surplus grass supply. The first sub-paddock grazed by each treatment 
was referred to as the base paddock according to the methodology described by 
McEvoy et al. (2009). If animals were in a grazing only paddock when the base paddock 
reached target HM, they finished the rotation in that paddock and returned to the 
base paddock to commence a new rotation. If animals were in a silage paddock when 
the base paddock reached target HM, they immediately returned to the base paddock. 
Silage paddocks were cut immediately to ensure that regrowth interval was similar for 
grazed and ungrazed paddocks. The area for silage was excluded from the calculation 
of mean stocking rate (SR).  
Fresh herbage (>4.0 cm) was allocated to each individual herd on a daily basis 
after the morning milking using temporary fencing. No access to the previous days 
grazing area was allowed and was restricted by back fencing with temporary wire. 
Paddocks were dusted during April and May with calcined magnesite on a daily basis in 
order to ensure adequate intake of magnesium in the early lactation period and to 
prevent hypomagnesaemia. Pastures were not topped at all during the experimental 
period. In late autumn, pre-grazing HM was allowed to increase in order to ensure that 
adequate pasture was available to the animals to continue grazing until November, 
with a mean difference reduced to 500 kg DM/ha and maintained between the low 
and high HM swards. Nitrogen fertilizer was applied after each paddock was grazed 
from April to August, with a total amount of 250 kg nitrogen/ha applied to each 
farmlet (60-50-50-50-40 kg nitrogen/ha). 
 
IV.1.2.2.5.- Sward Measurements 
 HM Determination and DM Yield. Pasture HM (>4.0 cm) was determined twice 
weekly by cutting two strips per paddock (1.2 m wide × 10 m long) per treatment with 
an Agria machine (Etesia UK Ltd., Warwick, UK). Ten grass height measurements were 
recorded before and after harvesting on each cut strip using an electronic plate meter 
(Urban and Caudal, 1990) with a plastic plate (30 × 30 cm and 4.5 kg/m; Agrosystèmes, 
Choiselle, France).  
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DM yield below 4.0 cm was measured to ground level, within two of the four 
strips cut using the Agria, per treatment area, by harvesting with a scissors the residual 
herbage within a 0.5 × 0.2 m quadrant. Soil and roots were manually removed and the 
sample was weighed and dried overnight at 80oC in a drying oven to determine DM 
content below 4.0 cm.  
 
 Grass Growth. The grass growth (kg DM/ha/day) was calculated by dividing the 
grass production by the number of days regrowth. The effect of treatment on grazing 
management (rotation length, stocking rate, milk output and milk solids yield per ha) 
were calculated by rotation according to the methodology described by Hoden et al. 
(1986). 
 
 Pre- and Post-grazing Sward Heights. The pre-grazing sward height was 
measured daily throughout the experimental period in each plot by recording 30 
measurements per treatment across the two diagonals of each paddock by using the 
electronic plate meter. The DHA for each herd was calculated by multiplying pre-
grazing pasture height (>4.0 cm) by the sward density. Post-grazing sward heights were 
measured immediately after daily grazing. 
 
 Herbage Utilization. Herbage mass utilization (>4.0 cm) was calculated 
according to the method described by Delaby and Peyraud (1998) and it was further 
used to evaluate the HM produced in each sward.  
 
 Sward Structure. Sward structural characteristics describe the proportion and 
relative vertical distribution of leaf, stem and dead material in the sward profile and it 
was determined weekly for the duration of the experiment. Approximately twenty 
sward samples were taken at random by cutting with a scissor at ground level in the 
area to be grazed the following day to derive the morphological composition of the 
sward. The samples were laid in a plastic bag to maintain the vertical structure of the 
sward. A 150 g sub-sample was cut into two fractions, above and below 4.0 cm. Each 
individual layer was then manually separated into leaf, stem and dead material 
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(including flower head and seeds if present) and weighed. Each sward constituent was 
oven dried overnight at 80oC for DM determination.  
 
Criteria for determining when to defoliate pastures have been based on 
rotation length, sward height and HM following the assumptions of Mayne et al. 
(2000). 
 
IV.1.2.2.6.- Pasture Dry Matter Intake 
Individual total PDMI were estimated four times during the experiment in 
weeks 6, 12, 21 and 28 using the n-alkane technique (Mayes et al., 1986) as modified 
by Dillon and Stakelum (1989). All cows were dosed twice daily before milking for 12 
consecutive days with a paper bung (Carl Roth, GmbH and Co. KG, Karlesruhe, 
Germany) containing 500 mg of dotriacontane (C32). From day 7 of dosing, fecal grab 
samples were collected from each cow twice daily for the remaining 6 days and stored 
at -20oC until analysis. The grab faecal samples of each cow from the total collection 
were then bulked (10 g of each collected sample) to obtain one sample per cow. This 
was dried for 48 h at 40oC, milled and analyzed by gas chromatography. In conjunction 
with the fecal collection, the diet of the animals was also sampled. Herbage 
representative of that grazed (following close observation of the grazing animals’ 
previous defoliation) was manually collected from each paddock before morning 
grazing on days 6 to 11 (of the intake measurement period. Two samples of 25 
individual grass snips were taken from each paddock with a Gardena hand shears. The 
ratio of herbage C33 (tritriacontane) to dosed C32 was used to estimate PDMI. The n-
alkane concentration was determined as described by Dillon (1993). 
 
IV.1.2.2.7.- Animal Measurements 
 Body Weight and Body Condition Score. Body weight (BW) was recorded 
weekly electronically using a portable weighing scale and the Winweigh software 
package (Tru-Test Limited, Auckland, New Zealand). Body condition score (BCS) was 
scored weekly by one experienced observer throughout the experiment on a 1 to 5 
scale (1= emaciated, 5= extremely fat) with 0.25 increments (Lowman et al., 1976).  
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 Milk Yield and Composition. Milking took place at 07.00 h and 16.00 h daily. 
Individual milk yields (kg) were recorded at each milking (Dairymaster, Causeway, Co. 
Kerry, Ireland). Milk protein and milk fat content were determined from two 
successive evening (Tuesday) and morning (Wednesday) weekly milking samples 
collected and pooled together for later analysis. The concentrations of these two milk 
constituents were determined using MilkoScan 203 (DK-3400, Foss Electric, Hillerød, 
Denmark). Solids-corrected milk yield were also calculated using the equation of Tyrrell 
and Reid (1965).  
 
IV.1.2.2.8.- Statistical Analysis 
All statistical analyses were carried out using SAS (SAS Institute, 2005). Sward 
measurements were analyzed using analysis of variance by the following model:  
 
Yijkl = μ + Hi + Dj + Rk + Wl (Rk) + Hi×Dj + eijkl 
 
where: Yijk represents the response of sward k to HM i and DHA j; μ is the 
mean; Hi is the HM (i= 1 to 2); Dj is the DHA (j = 1 to 2); Rk is the rotation (k = 1 to 10); 
Wl (Rk) is the week within rotation (l = 1 to 30); Hi×Dj is the interaction between HM 
and DHA; and eijkl is the residual error term. 
Animal variables (daily milk MY, milk composition, milk constituent yield, BW 
and BCS) were analyzed using the model as follows: 
 
Yijk = μ + Hi + Dj + Hi×Dj + b1Xijk + eijk 
 
where: Yijk represents the response of animal k offered HM i and DHA j; b1Xijk is 




IV.1.2.3.1.- Grazing Management 
The effect of HM and DHA on grazing management and milk output per ha for 
each of the four grazing treatments is shown in Table IV.1.2.3.1. On average, the low 
HM treatments had three more grazing rotations than the high HM treatments with a 
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difference accumulated in rotations length from an extra 10 days per rotation for the 
high HM (32 days) compared to the low HM treatments. The low HM treatments were 
allocated a greater (p<0.001, +34 m2/cow/day) mean grazing area per day compared 
to the high HM treatments (74 m2/cow/day). Offering high DHA increased the mean 
grazing area per day (p<0.001, +19 m2/cow/day) over the treatments offered low DHA 
(79 m2/cow/day). Daily grass growth rate for the low DHA swards (66 kg DM/ha/day) 
was 9.5 kg DM/ha/day lower than the high DHA swards. The total area conserved for 
silage was 5.26 ha (LL), 6.23 ha (LH), 6.78 ha (HL) and 5.77 ha (HH). The effective mean 
grazing stocking rate (SR) was similar (3.95 cows/ha) across both HM. The high DHA SR 
(4.01 cows/ha) was 0.12 cows/ha higher than the low DHA system. Total milk output 
and milk solids per ha were greater (p<0.001) for the low HM treatments (16,020 and 
1,202 kg/ha, respectively) compared to the high HM treatments (14,658 and 1,115 
kg/ha, respectively). The LH had the highest milk output and milk solids per ha 
compared to the lowest milk output and milk solids per ha obtained from the HL.  
 
Table IV.1.2.3.1. Effect of pre-grazing herbage mass (HM; L, 1,600 or H, 2,400 kg 
DM/ha) and daily herbage allowance (DHA; L, 15 or H, 20 kg DM/cow/day) on grazing 
management and output per hectare (average 206 days grazing season). 
1LL (low HM, 1,600 kg DM/ha and low DHA, 15 kg DM/cow/day), LH (low HM, 1,600 kg DM/ha and high 
DHA, 20 kg DM/cow/day), HL (high HM, 2,400 kg DM/ha and low DHA, 15 kg DM/cow/day) and HH (high 
HM, 2,400 kg DM/ha and high DHA, 20 kg DM/cow/day). a-c Means within a row with different 
superscripts differ (p<0.05); ns: Not significant (p≥0.05); ***: p<0.001; **: p<0.01; *: p<0.05. SEM: 
Standard Error of the Mean. 
 
 Treatments1   
 L H  Significance 
 L H L H SEM HM DHA HM*DHA 
Number of rotations 9a 10a 6b 7b 0.9 *** ns ns 
Rotation length (days) 23a 21a 34b 29b 2.96 *** ns ns 
Area offered (m2/cow/day) 98a 119a 66b 83b 11.3 *** *** ns 
Grass growth (kg DM/ha/day) 68a 77b 64a 74b 2.9 ns *** ns 
Stocking rate (cows/ha) 4.00a 3.85b 4.01a 3.93b 0.037 ns *** ns 
Milk output per ha (kg) 15,057a 16,983b 13,876c 15,440a 641.1 *** *** *** 
Milk solids per ha (kg) 1,135ab 1,268c 1,072a 1,157b 40,9 *** *** *** 
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IV.1.2.3.2.- Sward Structural Characteristics 
The effect of treatment on sward measurements is shown in Table IV.1.2.3.2.1. 
The mean HM for the low treatments (1,597 kg DM/ha) was significantly lower 
(p<0.001, ̶ 793 kg DM/ha) compared to the high HM treatments. The mean DHA for the 
low treatments (14.8 kg DM/cow/day) was lower (p<0.001, ̶ 4.8 kg DM/ha) compared 
to the high DHA treatments. Pre-grazing sward height was significantly higher 
(p<0.001, +2.7 cm) for the high HM swards (14.4 cm) compared to the low HM swards.  
 
Table IV.1.2.3.2.1. Effect of pre-grazing herbage mass (HM; L, 1,600 or H, 2,400 kg 
DM/ha) and daily herbage allowance (DHA; L, 15 or H, 20 kg DM/cow/day) and their 
interaction on pre- and post-grazing height and herbage utilization during the 
experimental period. 
1See Table IV.1.2.3.1. a-c Means within a row with different superscripts differ (p<0.05); ns: Not 
significant (p≥0.05); ***: p<0.001; **: p<0.01; *: p<0.05. SED: Standard Error of the Difference. 
 
There was an interaction in post-grazing swards heights between HM and DHA, 
the HH treatment had a higher residual than the LH treatment and the two low DHA 
treatments. The low HM swards (4.5 cm) had a lower post-grazing height (̶ 0.2 cm) 
compared to the high HM swards. Treatments offered the low DHA (4.2 cm) showed a 
significantly lower post-grazing sward height (p<0.001, ̶ 0.8 cm) than treatments 
offered the high DHA. Herbage utilization was significantly greater (p<0.001, +8.1%) for 
the low DHA treatments (98.0%) compared to the high DHA treatments. The low HM 
treatments (94.5%) showed higher herbage utilization (+1.1%) than the high HM 
treatments. The highest herbage utilization was observed in the HL and the lowest was 
obtained in the HH with the rest of treatments in between.  
 Treatments1   
 L H  Significance 
 L H L H SED HM DHA HM*DHA 
HM (kg DM/ha) 1,601 1,593 2,376 2,403 168.7 *** ns ns 
DHA (kg DM/cow/day) 14.8a 19.5b 14.8a 19.6b 0.256 ns *** ns 
Pre-grazing height (cm) 11.9a 11.5a 14.4b 14.3b 0.595 *** ns ns 
Post-grazing height (cm) 4.2a 4.7b 4.2a 5.2c 0.098 *** *** *** 
Herbage utilization (%) 97.7a 91.3b 98.3a 88.4c 1.66 ns *** ns 
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The effect of HM and DHA on swards morphological composition is shown in 
Table IV.1.2.3.2.2. The mean leaf yield (>4.0 cm) for the low HM treatments (1 206 kg 
DM/ha) was significantly lower (p<0.001, ̶ 493 kg DM/ha) compared to the high HM 
treatments.  
 
Table IV.1.2.3.2.2. Effect of pre-grazing herbage mass (HM; L, 1,600 or H, 2,400 kg 
DM/ha) and daily herbage allowance (DHA; L, 15 or H, 20 kg DM/cow/day) and their 
interaction on morphological composition of the swards greater than and less than 4.0 
cm during the experimental period. 
1See Table IV.1.2.3.1. a-b Means within a row with different superscripts differ (p<0.05); ns: Not 
significant (p≥0.05); ***: p<0.001; **: p<0.01; *: p<0.05. SED: Standard error of the difference. 
 
The mean stem and dead DM yield (>4.0 cm) for the low HM treatments (221 
and 170 kg DM/ha, respectively) were significantly lower (p<0.001, ̶ 167 and  ̶ 134 kg 
DM/ha, respectively) compared to the high HM treatments. There were no differences 
in leaf, stem and dead DM yield (<4.0 cm) sward horizons in either the low or high HM 
treatments. The mean stem DM yield was lower (̶ 70 kg DM/ha) in the swards grazed 
at the low HM (842 kg DM/ha) in contrast to the high HM with a increased dead DM 
 Treatments
1
   
 L H  Significance 
 L H L H SED HM DHA HM*DHA 
>4.0 cm         
Leaf yield (kg DM/ha) 1,211a 1,201a 1,690b 1,707b 122.6 *** ns ns 
Leaf proportion 0.75 0.74 0.71 0.72 0.031 ns ns ns 
Stem yield (kg DM/ha) 216a 226a 392b 384b 61.5 *** ns ns 
Stem proportion 0.14 0.15 0.16 0.15 0.023 ns ns ns 
Dead yield (kg DM/ha) 174a 166a 295b 312b 33.6 *** ns ns 
Dead proportion 0.11 0.11 0.13 0.13 0.018 ns ns ns 
<4.0 cm         
Leaf yield (kg DM/ha) 598 539 511 504 116.4 ns ns ns 
Leaf proportion 0.24 0.22 0.22 0.21 0.043 ns ns ns 
Stem yield (kg DM/ha) 870 813 872 952 86.2 ns ns ns 
Stem proportion 0.37ab 0.33b 0.39ab 0.41a 0.032 * ns ns 
Dead yield (kg DM/ha) 960 1,134 921 954 170.4 ns ns ns 
Dead proportion 0.39 0.45 0.39 0.38 0.054 ns ns ns 
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yield (+111 kg DM/ha) in the low HM swards (1,047 kg DM/ha) than in the high HM 
swards. Leaf and dead proportions did not differ significantly between treatments. 
Stem proportions were significantly (p<0.05, ̶ 0.05) affected by the HM, the low HM 
treatments (0.35) showed a lower stem proportions than the high HM treatments. The 
LH had the lowest stem proportion during all the experimental period. 
 
IV.1.2.3.3.- Pasture Dry Matter Intake 
There were four weeks PDMI measurements analyzed in two periods, P1 
(summer, week-6 and week-12) and P2 (autumn, week-21 and week-28) that were 
presented in a previous paper by Curran et al. (2010). Results from the PDMI of sward 
measurements weeks are shown in Table IV.1.2.3.3. There was no interaction between 
HM and DHA for PDMI in both periods. HM no showed any effect on PDMI in P1 and 
P2. The DHA had a significant effect on PDMI in both periods (p<0.001).  
 
Table IV.1.2.3.3. Effect of pre-grazing herbage mass (HM; L, 1,600 or H, 2,400 kg 
DM/ha) and daily herbage allowance (DHA; L, 15 or H, 20 kg DM/cow/day) and their 
interaction on pasture dry matter intake during the experimental period (P1, summer 
and P2, autumn). 
 Treatments
1
     







HM*DHA  L H L H 
P1-PDMI (kg DM/cow/day)  15.1a 16.6b 14.2a 16.4b 0.54 ns *** ns 
P2-PDMI (kg DM/cow/day) 14.1a 15.8b 14.0a 15.5b 0.071 ns *** ns 
1See Table IV.1.2.3.1. a-b Means within a row with different superscripts differ (p<0.05); ns: Not 
significant (p≥0.05); ***: p<0.001; **: p<0.01; *: p<0.05. SED: standard error of the difference. 
 
The mean PDMI in P1 of cows offered the high DHA swards was significantly 
(p<0.001, +1.8 kg DM/cow/day) higher (16.5 kg DM cow/day) compared to animals 
offered the low DHA swards. While in P2 these differences were a bit lower (p<0.001, 
+1.6 kg DM/cow/day) between the animals offered the high DHA swards (15.7 kg 






IV.1.2.3.4.- Animal Performance 
Milk production and animal performance of all the grazing groups are shown in 
Table IV.1.2.3.4. Cows offered the high DHA had a significantly higher (p<0.001, +1.4 
kg/cow/day) mean milk yield (19.5 kg/cow/day) than cows offered the low DHA.  
 
Table IV.1.2.3.4. Effect of pre-grazing herbage mass (HM; L, 1 600 or H, 2 400 kg 
DM/ha) and daily herbage allowance (DHA; L, 15 or H, 20 kg DM/cow/day) and their 
interaction on milk production and animal performance of cows during the 
experimental period. 
 Treatments1     







HM*DHA  L H L H 
Milk yield (kg/day) 18.2a 20.1b 17.9a 18.9b 0.56 ns *** ns 
Milk protein content (g/kg) 35.0 35.5 34.5 35.2 0.63 ns ns ns 
Milk fat content (g/kg) 40.8 39.9 42.4 40.6 1.28 ns ns ns 
Milk solids yield (kg/cow) 1.37a 1.50b 1.36a 1.41b 0.046 ns *** ns 
Body weight (kg) 511a 521b 511a 524b 5.6 ns *** ns 
Body condition score 2.62a 2.74b 2.60a 2.74b 0.071 ns ** ns 
1See Table IV.1.2.3.1. a-b Means within a row with different superscripts differ (p<0.05); ns: Not 
significant (p≥0.05); ***: p<0.001; **: p<0.01; *: p<0.05. SED: Standard error of the difference. 
 
The accumulated milk yield per cow and per day during some of the 
experimental weeks is shown in Figure IV.1.2.3.4. The highest milk performance was 
achived by the LH grazing group and the lowest by the HL with the rest of grazing 
groups (LL and HH) in between. Milk yield of all the groups decreased progresively 
across the grazing season progressed and according to the lactation stage of all the 
spring-calving dairy cows. Milk protein and milk fat content did not differ significantly 
between groups. Cows offered the high DHA swards produced greater (p<0.001, +0.09 
kg/cow) milk solids yield (1.46 kg/cow) than cows offered the low DHA swards. The 
highest milk solids yield per cow was obtained by the LH grazing group and the lowest 
by the HL with the other two groups (LL and HH) in between. There was a significant 
effect of DHA (P<0.001) on the mean BW and BCS. The high DHA treatments (523 kg) 
had a higher BW (P<0.001, +12 kg) compared to the low DHA treatments. The BCS was 
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also higher (P<0.001, +0.13) for the cows offered the high DHA (2.74) in contrast to the 





























LL, Low HM and Low DHA
LH, Low HM and High DHA
HL, High HM and Low DHA
HH, High HM and High DHA
 
Figure IV.1.2.3.4. Effect of pre-grazing herbage mass (HM; L, 1,600 or H, 2,400 kg 
DM/ha) and daily herbage allowance (DHA; L, 15 or H, 20 kg DM/cow/day) on milk 
yield (kg/cow/day) at grazing during 24-weeks of the experimental period. Treatments: 
see Table IV.1.2.3.1. 
 
IV.1.2.4.- Discussion 
In other previous experiments describing the effects of HM on milk 
performance of dairy cows compared treatments of early and late grazed swards, with 
the experiment beginning when the swards were first grazed (O’Donovan et al., 2004; 
Kennedy et al., 2007). However, in this study as occurred in the work reported by 
McEvoy et al. (2009) all swards were grazed once to a similar post-grazing sward 
height prior to the experiment commencement in order to ensure similar pre-
experimental treatment of all swards and avoid differences arising from grazed and 
ungrazed swards. The experiment lasted 30 weeks across the grazing season providing 
an opportunity to assess the cumulative treatment effects of pre-grazing HM and DHA 
on swards structure, PDMI and dairy cows’ milk performance at pasture. In the current 
research a more approximated situation to the main effects of grazing perennial 
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ryegrass swards with different HM and DHA has been realized with the aim of 
establishing the sward canopy response and milk output per ha of spring-calving dairy 
cows throughout the grazing season, which can be really extrapolated in the future to 
on farm grazing management system.  
 
IV.1.2.4.1.- Grazing Management  
Within each HM system the grazing SR difference was low (0.07 cows/ha) 
between the low HM treatments and the high HM treatments due to different 
regrowth periods between the low DHA swards and the high DHA swards. In fact, the 
high DHA swards had a greater (+10 kg DM/ha/day) daily growth rate when compared 
to the low DHA swards. Kennedy et al. (2007) reported that high HM swards can 
support a greater grazing SR of 6.5 cows/ha. However, grazing at low HM with a mean 
SR of 4.5 cows/ha has showed a positive effect on swards quality, PDMI and milk 
performance. A lower grazing SR difference was found in this experiment (̶ 0.12 
cows/ha) between the two DHA treatments in contrast to the results reported by 
McEvoy et al. (2009) with a grazing SR difference of 0.40 cows/ha between the low 
DHA and the high DHA when the mean HM was of 1,700 kg DM/ha for the low HM 
treatments and 2,200 kg DM/ha for the high HM treatments and the mean DHA was of 
16 kg DM/cow/day for the low DHA treatments and 20 kg DM/cow/day for the high 
DHA treatments. Moreover, the daily growth rate was lower from the experiment of 
McEvoy et al. (2009) compared to the current study with the mean daily growth rate 
difference (+6.9 kg DM/ha/day) between the high DHA swards and the low DHA 
swards.  
 
IV.1.2.4.2.- Swards Structural Characteristics  
The mean greater proportions of unutilised herbage in the high DHA 
treatments resulted in the low HM, being higher for the high DHA swards. This 
suggests that as a sward is more severely grazed total DM yield is reduced, whereas 
the leaf DM proportion (> 4.0 cm) tends to increase (Stakelum and Dillon, 2007) as 
occurred in the current grazing experiment and, consequently, the feeding value of the 
sward tends to increase. The increased regrowth interval and pre-grazing DM yield 
difference between the two HM treatments suggest that the age (Hoogendoorn et al., 
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1992) and stage of growth (Dillon et al., 2005) of the plant tissue may be responsible 
for decreasing the digestibility and quality for the high HM swards compared to the 
low HM swards. Furthermore, Terry and Tilley (1964) reported that the chemical 
composition and digestibility of the various plant components (leaf and stem) varies 
widely both between components and within components as the plant matures. The 
proportion of leaf in the swards tends to be greatest in the low HM swards (+0.03), 
resulting in increased OMD (p<0.05, +8.5 g/kg of DM) compared to the high HM 
swards (leaf proportion, 0.72 and OMD, 828.5 g/kg of DM) which tend to have 
increased the stem and dead proportions (Hoogendoorn et al., 1992; Stakelum and 
Dillon, 2007) as occurred in the current experiment (stem, +0.01 and dead, +0.02). 
Grazing the sward at the three leaf stage is designed to graze the sward when it is at its 
highest sward quality (Fulkerson and Donaghy, 2001). O’Donovan and Delaby (2008) 
found greater OMD values with early grazed swards with lower defoliation heights 
which were directly related to the higher leaf composition of the sward. Similarly, 
Jacobs et al. (1998) associated an increasing HM with a decline in DM digestibility and 
CP, and increased neutral detergent fibre (NDF). These differences are likely due to 
differences in proportions of leaf, stem and senescent materials in the sward.  
Maintaining the low HM swards throughout the grazing season increased the 
leaf to stem ratio (5.15) compared to the high HM swards (4.62), this agrees with 
Kennedy et al. (2007) who reported a cumulative effect of grazing severity on leaf to 
stem ratio. These results have also showed beneficial effects on animal performance. 
Hoogendoorn et al. (1992) reported greater effect of DHA of leaf DM yield on milk 
production compared to DHA of total DM yield (expressed in kg DM/cow). Johnson and 
Parsons (1985) reported that high levels of death and decay accompany poor herbage 
utilization. This concurs with the findings of this study as the HH swards had greater 
accumulations of dead material due to a higher post-grazing height and lower levels of 
utilization than all other treatments. This phenomenon is likely to be the reason for the 
higher leaf and lower stem production which was apparent with the low HM swards. 
Carton et al. (1989) suggested that a high grazing intensity in the early to mid-summer 
period controls the reproductive development of the sward and it is responsible of a 
decreasing in the production and development of reproductive tillers (Hoogendoorn et 
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al., 1992; Hurley et al., 2008). Thereby, avoiding large accumulations of stem in the 
sward which has a negative impact on pasture quality. This suggestion is consistent 
with the results found in this experiment in the low DHA swards. Fulkerson and 
Donaghy (2001) stated that severe defoliation removes much water soluble 
carbohydrate (WSC) storage capacity and reduces regrowth, while under lax 
defoliation, the loss in DM through leaf senescence and reduced rates of tillering are 
not compensated for the increased growth rate that results. Hunt and Brougham 
(1967) found that where repeated lax defoliation of perennial ryegrass left enough 
herbage to intercept 95% of incident light the amount of green leaf and tillers initiated 
progressively declined, while the proportion of dead material increased. This indicated 
the need for periodic close defoliation to renew the photosynthetic efficiency of the 
grass sward. Defoliation intensity determines the absolute amount of stubble and 
hence remaining WSC. Instead of the fact that the WSC were not measured in the 
current study, it is important to take into account that changes in tissue partitioning 
between the low and high HM were due to the severity of defoliation and higher leaf 
content, which is directly related to WSC content. 
 
IV.1.2.4.3.- Pasture Dry Matter Intake 
Animals on the high HM swards achieved lower PDMI than cows grazing low 
HM swards in both periods because of the low HM cows grazed further into the 
horizon whereas the high HM cows were possibly at the swards physical restriction of 
PDMI. This agrees with the results of O’Donovan and Delaby (2008) who suggested 
that based on chemical composition and nutritive values grass PDMI is likely to be 
increased by maintaining lower levels of HM. Wade (1991) also reported that sward 
stem is a barrier to increase PDMI when cows are forced to graze to low post-grazing 
residuals. The high HM swards in the current study were grazed to low post-grazing 
heights (4.7 cm) and the PDMI results of the HH grazing group would suggest that this 
treatment was at its physical limit in terms of sward post-grazing height because these 
cows could not graze further into the sward horizon. There was no significant effect of 
HM on PDMI in both periods. Nevertheless, during P1 the low HM and high HM swards 
were of similar quality and in P2, following the reproductive stage of the plant, the 
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quality of the low HM swards remained relatively constant while the high HM swards 
quality was deteriorated. Thus, during P1 offering high HM swards resulted in higher 
levels of PDMI, however during P2 the PDMI of the LL was similar to that of the HL, 
while PDMI of the LH treatment was significantly greater than all other treatments. 
The DHA (P<0.001) had a large effect on PDMI. In fact, increasing the DHA it was found 
a greater PDMI. The intake response to the DHA was different between periods. For 
the same post-grazing sward height the PDMI difference between the low DHA grazing 
groups was higher in P1 than in P2 (0.9 and 0.1 kg DM/cow/day, respectively). 
Stakelum and Dillon (2007) stated that the relationship between DHA and PDMI 
depends on the levels of DHA being compared, the cutting height of herbage and the 
levels of production of the experimental animals. Results from this study shows that 
there is a reduced response level of the low HM. This intake response is in line with 
that previously reported by Peyraud et al. (1996) and Stakelum and Dillon (2007). 
Combellas and Hodgson (1979) also stated that there is a higher proportion of herbage 
close to ground level on short, light sward canopies than on tall, heavy swards and this 
can explain better the results from this experiment with avenues of increasing PDMI 
remain to be capitalised upon if the base of the sward is focused on. 
 
IV.1.2.4.4.- Animal Performance 
Holmes et al. (1992) reported increased milk production, milk protein and milk 
fat content by cows grazing low HM compared to high HM swards. This contradicts the 
short term study of Wales et al. (1999), which reported lower milk production for cows 
on a low HM compared to medium HM swards with early lactation animals. However, 
in mid-lactation with the same animals there was no effect of HM on animal 
production, this agrees with the results of the current study because there was no 
difference in milk production of animals grazing low or high HM swards throughout the 
grazing season. The milk yield of the LH treatment was 1.9 kg/cow/day greater than 
the other treatments. The higher level of milk production per cow of the LH group is 
likely due to a cumulative effect of several sward factors. This is similar to the finding 
of O’Donovan et al. (2004) and McEvoy et al. (2009) indicating that with high HM 
swards, offering a high DHA will not result in improved milk yields. In fact, the 
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cumulative effect of grazing low HM swards becomes distinctly apparent in the second 
half of the grazing season when HM and DHA interact. The results reported by 
Kennedy et al. (2007) showed an increase in milk production, when there was a HM 
difference of 1 055 kg DM/ha. Holmes et al. (1992) reported an increased milk 
production from cows grazing low HM (2 860 kg DM/ha) swards compared to high HM 
(4 790 kg DM/ha, above ground level) swards. Stakelum and Dillon (2007) described 
large differences in milk yield in extremes of sward quality up to 2.6 and 
2.1 kg/cow/day in two consecutive experiments, treatment differences in HM were up 
to 2,300 kg DM/ha. McEvoy et al. (2009) also found a 0.4 kg milk/day in favor of low 
HM swards when compared to swards 600 kg DM/ha higher in DM yield. However, 
Combellas and Hodgson (1979) and Wales et al. (1999) reported no effect of HM on 
milk composition which is in agreement with the results of the current study. In 
contrast, Hoogendoorn et al. (1992) in two separate grazing experiments, lasting less 
than 3 weeks, did observe increased protein yield with a low HM (2,900 kg DM/ha) 
compared to a high HM (5,100 kg DM/ha, above ground level).  
The effect of DHA was evident in our experiment across the grazing season, 
milk yield (P<0.001) and milk solids yield (P<0.001) were consistently lower for the low 
DHA treatments. Wales et al. (1999), Delaby et al. (2001), Bargo et al. (2002), Stakelum 
and Dillon (2007) and McEvoy et al. (2009) all found similar results. The low HM 
animals were more responsive to the extra pasture allocation as the LL cows had an 
intake equaling pasture allocation and the LH cows had a greater milk production 
performance. Peyraud et al. (1996) and Maher et al. (2003) showed increases in milk 
protein when animals were offered a high DHA (31.3 and 33.6 g/kg, respectively). This 
is similar to the results obtained in this study with 35.4 g/kg in the high DHA groups 
compared to 34.8 g/kg in the low DHA groups. The milk protein content was higher in 
the current DHA swards than that achieved by Peyraud et al. (1996) and Maher et al. 
(2003). Wales et al. (1999) showed lower milk protein content for animals grazing low 
HM swards but similar protein content for animals allocated high and low DHA. There 
was no difference in milk fat content between treatments in mid or late lactation 




IV.1.2.4.5.- Milk Output and Milk Solids per Hectare 
Efficient pasture-based dairy production systems are characterized by high milk 
output per unit of land (ha) in comparison to confinement systems where efficiency is 
characterized by high milk output per cow (Clark and Kanneganti, 1998). The current 
study investigated grazing management practices to increase cow production from 
pasture and performance per ha. The results of the current experiment indicate that 
offering lower HM swards to dairy cows will result in increased milk output per ha in 
comparison to high HM swards. This difference occurs due to the improved quality of 
herbage available to the animal because of intense grazing of the sward (Hoogendoorn 
et al., 1992) throughout the grazing season and the SR which can be maintained on 
these sward types. Numerous studies have reported high HM swards support higher 
SR resulting in increased milk production per ha in short term experiments (Holmes et 
al., 1992; O’Donovan et al., 2004; Kennedy et al., 2006). This study shows that low HM 
swards managed over the main grazing season (April to October) can support higher SR 
and also increase milk production and milk solids per ha. The effect of HM on 
individual factors including SR, milk yield and milk solids per ha is smaller than that 
reported previously by Kennedy et al. (2006) and McEvoy et al. (2009). However, the 
accumulation of the benefits from each factor clearly shows the superiority of grazing 
low HM swards to optimize the available land to increase output in grazing dairy 
systems where production per ha is becoming increasingly important. This increase in 
milk output per ha (+8.5%) on the low HM swards compared to the high HM swards 
highlights the potential importance to optimize economic performance through 
efficient grazing management practices as it is on this basis that the dairy processor 
will make payments in the future (Shalloo et al., 2007).  
 
IV.1.2.5.- Conclusions 
 The effect of pre-grazing herbage mass (HM) and daily herbage allowance 
(DHA) on swards structure, pasture dry matter intake (PDMI) and dairy cows’ milk 
performance must be considered as a key tool to achieve optimal milk output on a per-
cow or a per-ha basis. The high DHA, 20 over 15 kg DM/cow/day, using a low HM 
swards (1,600 kg DM/ha) improved sward quality presenting lower stem and dead DM 
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yield (>4.0 cm), higher PDMI and milk yield and more milk solids per cow and per ha, 
also an increase on body weight and body condition score was found. The results from 
this study highlight the importance of using low HM swards in the early part of the 
grazing season by getting a low post-grazing residuals and a high herbage utilization 
that enabled grazing dairy cows to achieve better performance. 
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RESUMEN CAPÍTULO IV.1.2. 
EFECTO DE LA OFERTA Y DISPONIBILIDAD DIARIA DE HIERBA SOBRE LA ESTRUCTURA 
MORFOLÓGICA DEL PASTO DE RAIGRÁS INGLÉS, LA INGESTIÓN DE MATERIA SECA Y LA 
PRODUCCIÓN DE LECHE DE VACAS HOLSTEIN-FRIESIAN 
Para maximizar la producción de leche en vacuno y el contenido de sólidos en 
suspensión por hectárea es necesario identificar el nivel de pastoreo para lograr alta 
ingestión de pasto (PDMI). El objetivo de este estudio fue investigar el efecto de la 
oferta (HM) y disponibilidad diaria de hierba (DHA) sobre la estructura morfológica del 
pasto de raigrás inglés (Lolium perenne L.), la ingestión y la producción de leche. 
Sesenta y cuatro vacas Holstein-Friesian de partos de primavera fueron distribuidas y 
asignadas al azar a cuatro grupos (n=16) en pastoreo (LL, LH, HL y HH) utilizando un 
diseño factorial 2x2. Los tratamientos consistieron en dos HM pre-pastoreo, baja (L, 
1.600 kg MS/ha) y alta (H,  2.400 kg MS/ha) y dos DHA, baja (L, 15 kg MS/vaca/día) y 
alta (H, 20 kg MS/vaca/día). Se estudió la estructura e ingestión de pasto y la 
producción de leche durante el pastoreo. Los grupos con baja HM completaron 9,5 
rotaciones de 22 días en comparación con 6,5 rotaciones de 32 días en los grupos con 
alta HM. La utilización del pasto fue superior (p<0,001) con baja DHA (98,0%) que con 
alta DHA (89,9%). La producción en MS de tallos y material senescente (>4,0 cm) fue 
menor (p<0,001) con baja HM (221 y 170 kg/ha, respectivamente) que con alta HM 
(388 y 303 kg/ha, respectivamente). La alta DHA logró mayor (p<0,001) producción de 
leche (19,5 kg/día) y sólidos en suspensión (1,46 kg/vaca). Los valores más altos de 
producción de leche por ha y por vaca se alcanzaron en LH (1.600 kg MS/ha y 20 kg 
MS/vaca/día), con menos rechazos y alta calidad del pasto. 
Palabras clave adicionales: ingestión de hierba; manejo en pastoreo; utilización del 
pasto; producción de leche por hectárea; disponibilidad de hierba; vacas de partos de 
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EFFECT OF SIMPLIFIED ROTATIONAL GRAZING SYSTEM ON MILK PERFORMANCE OF 
HOLSTEIN-FRIESIAN AND NORMANDE COWS MANAGED AT TWO LEVELS OF 
SUPPLEMENTATION AT PASTURE 
 
Short title: Milk performance of two cow genotypes supplemented at pasture   
 Abstract. Milk performance of two cow genotypes, Holstein-Friesian (F, n=178) 
and Normande (N, n=174), at two parities (primiparous, n=149) and (multiparous, 
n=203), fed with two levels of concentrate, low (0 kg/cow/day, n=174) and high (4 
kg/cow/day, n=178), was studied in four herds (F0, F4, N0 and N4) managed in a 2x2 
factorial design during the period 2001-2005. Under the simplified rotational grazing 
system with three paddocks per rotation and a residence time per paddock of 10-days, 
a maximum of milk yield (MY max.) was reached at 4-day followed by a drop of milk 
(Dm), throughout lactation. MY and peak of MY per lactation were higher (p<0.001) in 
Holstein-Friesian (7,591 and 36.2 kg/cow) than in Normande (6,214 and 29.2 kg/cow), 
with lower (p<0.001) body weight (BW) and body condition score (BCS). When cows 
were supplemented had higher (p<0.001) MY and peak of MY (7,567 and 35.0 kg/cow) 
than cows without it (6,238 and 30.4 kg/cow), with higher (p<0.001) BW and BCS. At 
the residence time in a paddock, cows supplemented had higher (p<0.001) MY max. 
(kg/cow) (24.9 and  ̶ 5.3 kg/cow) and lower (p<0.001) Dm (kg/cow) than those without 
it (21.2 and  ̶ 6.1). MY max. and Dm were higher (p<0.001) in Holstein-Friesian (25.1 
and  ̶ 6.4) than in Normande (21.0 and  ̶ 4.9). Multiparous cows (24.5 and  ̶ 6.1) had 
higher (p<0.001) MY max. and Dm than primiparous (21.6 and  ̶ 5.2). Milk protein and 
fat were higher (p<0.001) in Normande (34.5 and 40.6 g/kg DM) than in Holstein-
Friesian (31.5 and 36.4 g/kg DM). 
Additional key words: dairy cattle; drop of milk; grazing cycle; maximum of milk yield; 
residence time; simplified rotational grazing system; supplementation on lactation. 
Abbreviations used. ADF (acid detergent fibre), AI (artificial insemination), BCS (body 
condition score), BW (body weight), CP (crude protein), DHA (daily herbage allowance),  
Dm (drop of milk), DM (dry matter), HM (herbage mass), MY (milk yield), MY max 
(maximum of milk yield), NDF (neutral detergent fibre), OM (organic matter), OMD 
(organic matter digestibility), PDIE (protein digestible in the intestine according to 
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energy supply), PDIN (protein digestible in the intestine according to nitrogen supply), 
SEM (standard error of the mean), SH (sward height), UFL (unité fourrage lait).  
 
IV.2.1.1.- Introduction 
 The introduction of milk quotas in the European Union in 1984 has led to 
intensification of dairying systems in Europe with increasing milk output per cow, 
achieved through the importation of North American Holstein-Friesian genetics. In 
response to this, some dairy farmers have begun to question whether the European 
dairy sector has been moving in the most appropriate direction. Is the Holstein-Friesian 
genotype the best option for low input pasture-based milk production systems, which 
rely on good fertility to achieve seasonal calving of dairy cows, different than the best 
genotype for high input confinement milk production systems with higher level of 
supplementation mainly concentrate feeding? To answer this question, a study was set 
by Delaby et al. (2009) during the period 2001-2005 at INRA Experimental Unit “Le Pin 
au Haras” in Normandy (France) to investigate the effect of the interaction between 
cow genotype (F, Holstein-Friesian and N, Normande) and feeding level (0, low and 4, 
high) of concentrate (Kg DM/cow/day) at pasture on milk performance and fertility at 
both the whole system and the individual cow levels. The assumptions for this research 
were in line with those published by Fulkerson et al. (2008): 1) if the interaction is not 
significant, then we can continue to rely on sires selected in the North American 
Holstein-Friesian genetics and 2) if the interaction is significant, we need to change our 
dairy herd improvement goals or accept that feeding practices and management will 
need to continue to change in order to accommodate this changing genotype.  
 Achieving high reproductive efficiency is a priority for profitability across all 
dairy production systems. Nevertheless, in seasonal pasture-based milk production 
systems such as in France with 55% of the ration based on grazed grass (Dillon et al., 
2005), the relative importance of fertility is greater than in confinement and year-
round calving systems, because breeding and calving are restricted to a limited period 
of the year (Delaby et al., 2009). The rationale for this strategy is to obtain a 
concentrated calving pattern in spring (February to April) that enables grass growth to 
match food demand. This is achieved by attaining high pregnancy rates within a short 
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interval after the start of the breeding season (Walsh et al., 2008). Calving intervals of 
365 to 370 days and a culling rate for infertility of less than 10% are required for 
optimal financial performance within a seasonal dairy system (Esslemont et al., 2001). 
Although genetics changes have increased milk yield (MY) per cow, these changes have 
also resulted in other less desirable consequences. Firstly, fat and protein content of 
milk have fallen due to the negative relationships between MY and component 
concentrations (Keller and Allaire, 1989). Secondly, Grainger et al. (1985) found that 
although dairy cows of high genetic merit on a predominantly grazed pasture diet 
produced more milk, this might be due to their willingness to partition more nutrients 
to milk production. Where nutrient intake is inadequate, cows must increasingly 
mobilize body reserves (Holmes and MacMillan, 1982). If mobilization of body reserves 
becomes excessive, poor reproductive performance results have been reported in USA, 
New Zealand and Irish dairy herds (Royal et al., 2000; Harris et al., 2001; Pryce and 
Veerkamp, 2001). This constitutes an important third point of undesirable 
consequences. Furthermore, the study conducted by Delaby et al. (2009) has found 
that the fertility problem for seasonal-calving Holstein-Friesian cows will probably 
remain unresolved with an increase of the feeding level by supplements, early in 
lactation as the additional feed firstly stimulates milk synthesis.  
 While genetic improvement of the Holstein-Friesian cows is mainly focused on 
increased milk production per animal, in dual-purpose breeds as Normande cows other 
traits of economic importance are also considered, i.e. for beef merit. In view of the 
fact that the EU milk quotas system will be abolished in 2015, the question arises now 
as to whether a dual-purpose type of dairy cow would offer the best means of 
optimizing resources on many dairy farms. Some dual-purpose breeds as Normande 
cows have a more favorable protein to fat ratio (Delaby et al., 2009) and also offer the 
opportunity to increase the value of non-milk sales from the farm, i.e. higher value 
calves and culls cow sales (Hugh et al., 2011). Similarly, energy partitioning might be 
different in dual-purpose cows compared to Holstein-Friesian cows, which might result 
in less body condition loss in early lactation of Normande cows than in Holstein-
Friesian cows due to lower mobilization of body reserves (Delaby et al., 2009). This 
might have as consequence higher reproductive performance with dual-purpose type 
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cows as Normande in France (Delaby et al., 2009). These authors also pointed that is 
now important to improve our understanding of the complex relationship between 
BCS at calving, the level of nutritive supply at the beginning of lactation and the 
expressed milk production potential, as well as the effects on the functions of lactation 
and reproduction. The role of level of feeding and of the diet composition, forage 
(grass and/or maize silage) and concentrate proportion in the ration, on circulating 
concentrations of metabolites and hormones on resumption and regulation of oestrus 
cycles and on fertility has to be considered as well (Garnsworthy et al., 2008). In cows 
with high genetic merit, the challenge of one calf per annum involves controlling the 
BCS at calving, especially at the end of lactation and at drying off (Roche, 2006; 
Grummer, 2007). Moreover, it is necessary to limit the expression of milk production 
potential so as to reduce the magnitude and duration of energy deficit in early 
lactation (Veerkamp et al., 2003; Garnsworthy et al., 2008). These two approaches 
might make possible that cows slowed down the mobilization of body reserves and the 
loss of BCS between calving and insemination. Interest in the potential use of 
alternative breeds as Normande cows in France (Delaby et al., 2009) and crossbreeding 
in Northern Ireland with Jersey crossbreed cows (Ferris and Vance, 2010) has increased 
in last times as a means of improving economic efficiency through their perceived 
superior functionality compared to Holstein-Friesian cows (Heins et al., 2006a,b). 
 Although milk production at pasture, without concentrate increases linearly 
with the potential of the animal, it is impossible to satisfy the energy needs of high 
genetic merit dairy cows with grass alone (Delaby et al., 1999). Consequently, while 
the responses to supplementation have been small in the past (Journet and 
Demarquilly, 1979; Leaver et al., 1968), they are now more marked (Wilkins et al., 
1994; Dillon et al., 1997) with an improved efficiency. Faced with such developments, 
French dairy farmers are often wondering about what level of concentrate would be 
the most appropriate to use and when would be the best moment for supplementing 
their cows at pasture in order to get high profit. Delaby et al. (2003) found that 
supplementation at grazing is nowadays very efficient (0.9 kg milk/kg DM intake) and 
the concentrate can be offered with the same effectiveness in constant quantity 
between cows up to levels of 4-6 kg fresh weight taking into account also the 
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traditional methods of concentrate allocation in proportion to the production level of 
the cows (Hoden et al., 1988). Not many authors (Delaby et al., 2003; Dillon et al., 
2003; Horan et al., 2005; Horan et al., 2006; McCarthy et al., 2007; Fulkerson et al., 
2008; Walsh et al., 2008) have studied the response to concentrate supplementation 
at grazing by integrating the level of concentrate consumed, the individual production 
potential of dairy cows and the grazing management strategies imposed at farm level.   
 Different rotational grazing strategies might result in changes in grazing 
behavior by affecting the chemical and morphological characteristics of the sward 
within and between days. It has been postulated that these rotational grazing systems 
result in a more efficient utilization of herbage, increase pasture dry matter intake and 
enhance productivity (Holecheck et al., 1995). In various countries, rotational grazing 
involves access of cows to fresh pasture once or twice daily to benefit from assumed 
increased productivity on grazed grass. In other rotational grazing systems as 
simplified rotational, described by Hoden et al. (1986), fresh pasture is provided after 
several days (on average 10 days) of residence time in a paddock to save on labor and 
fencing costs. Nevertheless, scientific evidence on the effects of allocation frequency is 
scarce, and Parsons and Chapman (2000) even argued that effects of differences in 
grazing management on production are more imagined than real. Daily strip grazing 
resulted in greater MY per hectare (ha) compared to paddock grazing, although there 
were no differences in MY per cow per day (Kuusela and Khalili, 2002). In contrast, 
Dalley et al. (2001) found a decrease in MY for frequently allocated cows (6 times daily 
vs. once daily) despite the numerically greater PDMI. The aim of the current study 
carried out by Delaby et al. (2009) was to investigate the whole lactation curve of two 
cow genotypes, Holstein-Friesian (F) and Normande (N), at two parities, primiparous 
and multiparous, using the simplified rotational grazing system with two levels of 
concentrate, Low (0 kg/cow/day) and High (4 kg/cow/day), supplemented at pasture. 
As part of this research, we focus our new work in determining the maximum of milk 
yield (MY max.) and the drop of milk (Dm) in each grazing cycle for a long residence 
time in a paddock, defined by Hoden et al. (1986), during the whole grazing season for 
two cow genotypes with two levels of concentrate at pasture, as the imposed by 
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Delaby et al. (2009). Using data from five years experiments we have the opportunity 
to a better understanding of the interaction between pasture and cow under grazing. 
 
IV.2.1.2.- Materials and Methods 
 The study was conducted from 2001 to 2005 at INRA experimental farm of Le 
Pin au Haras, situated in Normandy, France (48o44’N; 0o09’E). The site is located in a 
grassland zone with an oceanic climate, on a free draining soil with acid brown earth 
and a sandy loam-to-loam texture, favourable for grass production. The pastures used 
consisted of 13.8 ha of drained permanent pastures (three plots of 4.6 ha) and 19.6 ha 
of pastures sown with perennial ryegrass, either pure or associated with white clover 
(four plots of average 4.8 to 5.2 ha), which were under a good grazing management, 
showing very low proportions of other species.  
 
IV.2.1.2.1.- Weather Climatic Conditions  
 Cumulated monthly rainfall was variable between years for given months and 
average monthly temperatures were higher than normal, in particular in June and 
August, compared with the values recorded for the last 40-years (Table IV.2.1.2.1.). 
These temperatures remained favorable for grass growth. The years when feed 
shortages occurred were due to reduced rainfall in late spring or in summer despite a 
cumulative rainfall over seven months (430 mm) close to the mean for the 40-years.  
  
Table IV.2.1.2.1. Mean climatic conditions during the main grazing season (April-
October) over the 5 years of experiment in comparison with the 40-years mean. 
Month Mean April May June July August September October Total 
Temperature (oC) 2001-
2005 
9.1 12.6 16.5 17.5 18.1 14.3 11.8  
 1965-
2005 
8.0 11.5 14.8 16.7 16.6 13.9 10.6  
Rainfall (mm) 2001-
2005 
57 76 34 71 60 52 80 430 
  1965-
2005 
55 67 50 56 46 63 67 405 
 
IV.2.1.2.2.- Experimental Design and Treatments 
 The experiment investigated the milk performance of two dairy cow genotypes, 
Holstein-Friesian (F) and Normande (N), under two grazing feeding strategies, without 
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(0 kg/cow/day) and with (4 kg/cow/day) of concentrate at pasture, managed at two 
parities, primiparous and multiparous, across successive lactations during the period 
2001-2005. The objective of our study was to investigate the maximum of milk yield 
(MY max.) in each grazing cycle, 10 days of residence time in a paddock, defined by 
Hoden et al. (1986), and the subsequent drop of milk (Dm) which occurred in both cow 
genotypes and for both grazing feeding strategies of milk production. A randomized 
block design with a 2×2 factorial arrangement of treatments was applied and results 
presented in this paper are expressed as means of seven months grazing period, from 
April to October, during the 5-years study. The four grazing treatments imposed were: 
F0 (F, Holstein-Friesian cows and 0 kg/cow/day of concentrate), F4 (F, Holstein-Friesian 
cows and 4 kg/cow/day of concentrate), N0 (N, Normande cows and 0 kg/cow/day of 
concentrate) and N4 (N, Normande cows and 4 kg/cow/day of concentrate). 
 
IV.2.1.2.3.- Animals and Herd Management 
 In November of each year, a total of 72 dairy cows from the experimental herd 
at INRA “Le Pin au Haras” were selected and assigned to one of four experimental 
groups within breed (Hosltein-Friesian and Normande) to achieve a similar date of 
calving. Allocation was based on the average milk performance (MY, protein and fat 
content) over the 36 weeks, previous lactation for multiparous cows or dam’s first-
lactation for primiparous cows, as well as body weight (BW) and BCS. The 352 
lactations used for the final analysis are composed of 178 Holstein-Friesian dairy cows 
(with 48% primiparous) and 174 Normande dairy cows (with 36% primiparous), which 
corresponds to approximately 70 lactations per feeding strategy and cow genotype 
(Table IV.2.1.2.3.).  
 The breeding season went from March 1 and to June 15, fir 3.5-month winter 
calving pattern indoors. Thirty cows intended for culling at the end of lactation were 
not bred. During March, the first artificial inseminations (AIs) were performed after 
heat synchronization (Implant Crestar; Intervet, Beaucouzé, France) in all maiden 
heifers and cows calved 50 days or more. These first AIs after synchronization account 
for 211 out of 295 lactations with inseminations over 5-years. All the other first 
inseminations 892 carried out in April and May (84 of 295 lactations) and consecutive 
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AIs were practiced on spontaneous heats. The non-pregnant cows were culled at the 
end of lactation. Drying off was induced in cows whose milk production was lower than 
5 kg milk for 1 week. If not, drying off took place after 44 weeks of lactation with 
empty cows and approximately 60 days before the next calving with pregnant dairy 
cows as reported previously Delaby et al. (2009).  
 
Table IV.2.1.2.3. Distribution of the 5-lactations according to two cow genotypes and 
the lactation rank of all the grazing cows supplemented with two levels of concentrate. 
   Cow Genotype1   
    Holstein-Friesian (F)   Normande (N)   Feeding strategy3 
Mean Cows  Primip.2 Multip.   Primip. Multip.   Low (0)  High (4) 
2001-2005 352  86 92   63 111   174 178 
1Cow Genotype (F, Holstein-Friesian and N, Normande); 2Parity (Primp., Primiparous and 
Multip., Multiparous); 3Feeding strategy: Concentrate level (Low, 0 kg/cow/day and High, 4 
kg/cow/day).  
 
IV.2.1.2.4.- Feeding Strategy and Grazing Management   
 At turnout, the winter diet for the low and high input grazing feeding systems 
was gradually reduced and, after 2 to 3 weeks of transition, the animals grazed day 
and night and had access to automated concentrate feeders and mineral supplement 
for 1 hour after the two daily milkings. The quantities of daily offered supplement were 
0 kg/day of concentrate and 500 g/day of mineral for the groups of cows at the low 
input system and 4 kg/day of concentrate and 250 g/day of mineral for the cows at the 
high input system. The quantities of concentrate and minerals consumed by each cow 
were recorded individually daily using the automated feeder. At each passage onto the 
plot, a grass sample was taken, dried in an oven and preserved for chemical analysis. 
Table IV.2.1.2.4. shows the composition and nutritive value of feeding constituents. 
 After grinding through a 0.8mm screen, concentrations of ash, total 
nitrogenous matter (N. Dumas36.25), acid (ADF) and neutral (NDF) detergent fibre 
(Association Française de Normalisation, 1997), calcium and phosphorus were 
determined for all the feed samples by the Analysis Department Laboratory (LDA, 
22440 Ploufragan, France). The organic matter digestibility (OMD) of herbage offered 
-294- 
 
at each rotation on the plot was calculated from pepsin-cellulase digestibility (INRA, 
1989). The net energy value for lactation (NEL/kg DM), as UFL, and digestible proteins 
in the intestine (g PDI/kg DM) were calculated using predictive equations (INRA, 1989).  
 
Table IV.2.1.2.4. Chemical composition and nutritive value of feeds and minerals 
during the period 2001-2005, expressed as mean ± standard error of the mean. 
1Treatments: See Table IV.2.1.2.3. 
2DM= Dry Matter; OM= Organic Matter; CP= Crude Protein; NDF= Neutral Detergent Fibre; 
ADF= Acid Detergent Fibre; OMD= Organic Matter Digestibility; UFL= Energy Feed Unit 
equivalent to 1 700 kcal of net energy for lactation. PDIE and PDIN= Protein Digestible in the 
Intestine according to energy (E) or nitrogen (N) supply.  
3Mineral composition (% DM)= linseed meal expeller 21.2; wheat bran 19.3; molasses 9.9; salt 
8.7; minerals 38.7; soya bean oil 2.2. 
4Concentrate composition (% DM)= wheat 20.8; maize 20.7; barley 20.8; beet pulp 21.4; 
protected soybean meal 12.0; molasses 0.9; soya bean oil 2.3; salt 1.1.  
 
 At pasture, the cows assigned to the low and high concentrate strategies were 
managed in separate paddocks, on a simplified rotational grazing system (Hoden et al., 
1991; Delaby and Peyraud, 2003) based on three big paddocks in spring that can be 
extended to seven in autumn if required. During each rotation, the same total area 
was allocated to the two grazing groups to obtain the same average stocking rate of 
4.0 cows/ha in spring and 2.2 cows/ha in autumn. The decision to change paddock was 
Feeding strategy1 Low (0)   High (4)  
Ingredients2 Grass Mineral3  Grass Concentrate4 
DM (g/kg fresh weight) 23.0 ± 7.30 92.8 ± 1.40   22.8 ± 7.20 88.4 ± 0.50 
OM (g/kg DM) 891 ± 27.0  506 ± 37.6  893 ± 24.7 950 ± 2.5 
CP (g/kg DM) 183 ± 33.3 111 ± 3.3   183 ± 32.0 159 ± 7.4 
Starch (g/kg DM)     447 ± 20.0 
NDF (g/kg DM) 522 ± 727.2 151 ± 13.4  524 ± 29.0 227 ± 8.5 
ADF (g/kg DM) 265 ± 22.8 66 ± 10.1  267 ± 24.3 82 ± 9.3 
Ca (g/kg DM) 7.0 ± 1.90 103 ± 17.3  6.7 ± 1.90 5.0 ± 0.9 
P (g/kg DM) 3.6 ± 0.50 56 ± 2.3  3.6 ± 0.60 3.1 ± 0.9 
OMD (%) 73.2 ± 6.10   72.2 ± 6.70  
UFL (g/kg DM) 0.88 ± 0.07 0.50 ± 0.03  0.87 ± 0.07 1.08 ± 0.01 
PDIE (g/kg DM) 94 ± 8.0 75 ± 3.0  94 ± 8.0 134 ± 5.0 
PDIN (g/kg DM) 115 ± 21.0 79 ± 2.0  115 ± 20.0 115 ± 6.0 
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made according to the evolution of the MY profile of the group receiving 4 kg of 
concentrate per day. The paddock was changed when milk production over the 
previous 3 days corresponded to 85-90% of the maximum value observed on the 
paddock (Hoden et al., 1991). The animals without concentrate also changed paddock. 
This method of simultaneous management of the two batches enabled us to offer the 
same quantity of grass to the two groups of cows and, therefore, apply more severe 
grazing conditions for the group without concentrate as reported Delaby et al. (2009).  
 On average, the grazing season started every year exclusively on permanent 
pastures on first week of April and ended after 5 grazing rotations at the beginning of 
November. After silage harvesting, during the 3rd week of May, reseeded pastures 
were grazed for the 2nd, 3rd and 4th grazing rotations. During the 5th rotation, only the 
permanent pastures were grazed again. At this time, the process of drying off cows 
had started and ground conditions had made grazing impossible. The grazing areas in 
both feeding systems were at minimum during the first grazing rotation and expanded 
in the summer during the third grazing rotation. Nitrogen fertilizer input (ammonium 
nitrate, 33.5% N) was 250 kg N/ha in five applications on permanent and perennial 
ryegrass pastures, and only 60 kg N/ha in a single application on pastures with white 
clover. Grass surpluses in spring and summer were for wrapped big-bale silage or hay. 
All paddocks were topped once between the first and the third cycles of grazing to 
maintain high sward quality. 
 
IV.2.1.2.5.- Sward Measurements  
  The pre-grazing herbage mass (HM) was estimated by cutting 6 or 8 strips (10 
m × 0.5 m) with a motor scythe on paddocks in both grazing treatments. The exact 
length of each strip was measured systematically. All the mown HM was then 
collected, weighed by strip and a composite sample was weighed, dried in a ventilated 
drying oven (48 hours at 80oC) to determine the dry matter content (DM) before 
stored. The herbage removed was estimated from the differences in pre- and post-
grazing sward height (SH). The SH was determined with 10 measurements (in cm) on 
each strip before and after mowing, using an electronic plate meter (30 × 30 cm – 4.5 
kg/m2) (Urban and Caudal, 1990). The SH on all the paddocks pre- and post-grazing 
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was measured with a plate meter (150 measurements per ha) and also after topping. 
Sward density, (in kg DM/cm per ha) was calculated by the methodology of Delaby and 
Peyraud (2003). The surplus harvested area was systematically measured and weighed 
for each paddock. Grazing season details and nitrogen fertilizer applied at each 
paddock were also recorded for the report of pasture management according to the 
methodology integrated in Pâtur’IN software (Delaby et al., 2001b).  
 
IV.2.1.2.6.- Animal Measurements 
 Body Weight and Body Condition Score. The BW was evaluated weekly and 
BCS at the beginning of each month by the same two experienced assessors, according 
to Agabriel et al. (1986) on a scale from 0 to 5, with increments of 0.25 point. BW and 
BCS changes were calculated at calving, as well as at turnout, at the end of the grazing 
season and during the last week of lactation. However, in this paper BW changes were 
focused on the difference between after turnout and the end of the grazing season. 
The maximum loss of condition score was also calculated by difference between the 
condition at calving and the minimal score attributed to each cow during lactation. 
These data were previously reported by Delaby et al. (2009).  
 Milk Yield and Composition. The MY of each cow was measured daily using 
flow meters (Metatron 12, Westfalia, Germany), during the whole lactation. Milking 
took place at 06.30 h and 16.00 h. Milk protein and fat content were analyzed from 
three samples collected individually at each cow during six consecutive milkings per 
week (Tuesday, Wednesdays and Thursdays). These milk constituents were 
determined at the LiLaNo laboratory (50008 Saint Lô, France) using an infra-analyzer 
(Milkoscan; Foss Electric, DK-3400 Hillerod, Denmark). The maximum of milk yield (MY 
max., at 4-day) and the drop of milk (Dm, at day-10) were determined at each grazing 
cycle, or long residence time in a paddock (around 10 days) as defined Hoden et al. 
(1986) (Figure IV.2.1.2.6.), during the whole grazing season for the 5-years dataset, 
separating between the two cow genotypes and the two levels of concentrate at 
pasture and the interaction between both factors (cow genotype and feeding system) 




Figure IV.2.1.2.6. Evolution in daily milk yield of cows in response to a long residence 
time in a paddock (around ten days), following the simplified rotational grazing system 
by Hoden et al. (1986).   
 
IV.2.1.2.7.- Statistical Analysis 
 The experimental data of the whole grazing season, from April to October, was 
recorded from each cow over the five-years period. This dataset was used to calculate 
MY per lactation, MY at peak, the average daily MY, MY max. at day-4 and Dm at day-
10 of each grazing cycle and weekly milk protein, fat content and BW and also monthly 
BCS, as well as the quantities of pasture and concentrate intake. 
 The effects of grazing feeding strategy on milk production performance, BW, 
BCS, MY max. and Dm, and their variations were evaluated by covariance analysis as 
reported Delaby et al. (2009) and Fisher’s test using a model that included the effects 
of year (2001-2005), cow genotype (Holstein-Friesian and Normande), parity 
(primiparous and multiparous cows) and feeding strategy (0 and 4 kg/cow/day of 
concentrate), as well as the interactions between each of year, cow genotype or parity 
and the feeding strategy. The cows’ lactation data were the experimental unit. As 
some cows have been used in different years, in a first step, the effect of the previous 
lactation treatment was included in the model. For all the variables, this achievable 
carryover effect was never significant and not included in the definitive model. The 
covariables integrated into the model correspond to the data used to randomize. 
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Because of the phenotypical differences between cow genotypes (Holstein-Friesian vs. 
Normande) and between parities (primiparous vs. multiparous cows), the data used as 
covariables were first centred within breed and lactation number. 
 
IV.2.1.3.- Results  
 
IV.2.1.3.1.- Feeding Strategy and Grazing Management  
 Total concentrate supplementation during the whole lactation of dairy cows 
(320-days), on average of the five-years period, differed by 1,015 kg DM between both 
grazing feeding strategies. The Low and High (0 and 4 kg/cow/day) levels of 
concentrate had 1,407 and 392 kg DM/cow/lactation, respectively. The total intake 
was higher in the High than in the Low level (6,789 and 5,670 kg DM/cow/lactation, 
respectively) of concentrate. Nevertheless, grass removed and conserved forages were 
similar (Low, 3,359 and 1,919 and High, 3,385 and 1,997 kg DM/cow/lactation, 
respectively) in both grazing feeding strategies. The energy content (UFL/kg DM) of the 
High treatment differed by 0.04 UFL/kg DM to the Low (210 days) on the two grazing 
feeding strategies, while the PDIE (protein digestible in the intestine according to 
energy supply) and PDIN (protein digestible in the intestine according to nitrogen 
supply) contents were similar. The quantities of maize (High) or grass (Low) silage 
consumed per cow and per day during the 110-days were 14.4 and 13.9 kg, 
respectively. On average, during the winter months when grazed grass was not 
available, the differences in overall intake between the two treatments were 4.0 kg 
DM/cow/day, which included 3.5 kg of concentrate and 0.5 kg of conserved forages.  
 
 During the grazing season, the HM at 5 cm and daily herbage allowance (DHA) 
were lower (p<0.05) in the Low than in the High grazing feeding strategy (1,914 and       
2,054 kg DM/ha for HM and 16.8 and 17.7 kg DM/cow/day for DHA, respectively). 
However, both groups (Low and High) removed similar quantities of grass (15.1 and 
15.2 kg DM/cow/day, respectively), thereby, this resulted in lower (p<0.001) post-
grazing SH for the Low than for the High grazing feeding strategy (5.5 and 6.0 cm, 
respectively) despite similar pre-grazing SH (11.4 and 11.6 cm, respectively). Total 
intake at pasture was 3.0 kg DM/cow/day per day lower for the Low than for the High 
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grazing feeding strategy (17.5 and 20.5 kg DM/cow/day, respectively) of which 2.8 kg 
DM/cow/day of the difference is explained by the concentrate applied. 
 
IV.2.1.3.2.- Animal Performance over the Grazing Season and on the Entire Lactation 
 Body Weight and Body Condition Score. No significant interactions between 
year, cow genotype, parity and feeding treatments on BW, BCS and their variation 
during lactation have been highlighted (Table IV.2.1.3.2.1.).  
 
Table IV.2.1.3.2.1. Effect of grazing feeding strategy (Low, 0 and High, 4 kg/cow/day of 
concentrate) and cow genotype (F, Holstein-Friesian and N, Normande) on body 
weight and body condition score of cows during the period 2001-2005. 
 Feeding1  Significance 
 Low (0) High (4) SEM Feeding Genotype Interaction 
BW after turnout (kg) 617a 649b 11.6 ns *** ns 
     Holstein-Friesian (F) 601a 623b     
     Normande (N) 632a 676b     
BW at the end (kg) of grazing  652a 702b 32.1 *** *** ns 
     Holstein-Friesian (F) 640a 678b     
     Normande (N) 663a 726b     
BW change (kg/day) 0.21a 0.31b 0.18 *** ns ns 
     Holstein-Friesian (F) 0.22a 0.32b     
     Normande (N) 0.19a 0.30b     
BCS after turnout  2.30a 2.80b 0.25 ns *** ns 
     Holstein-Friesian (F) 1.90a 2.35b     
     Normande (N) 2.70a 3.25b     
BCS at the end of grazing  2.15a 2.85b 0.41 *** *** ns 
     Holstein-Friesian (F) 1.85a 2.50b     
     Normande (N) 2.45a 3.20b     
BCS change  ̶0.15 +0.05 0.37 *** *** ns 
     Holstein-Friesian (F)  ̶0.05 +0.20     
     Normande (N)  ̶0.25  ̶0.05     
1Treatments: See Table IV.2.1.2.3. 
a-b Means within a row with different superscripts differ significantly (P<0.05). ns = Not 




 The Normande cows showed a BW (654 and 695 kg, respectively) and a BCS 
(2.98 and 2.83, respectively), at the beginning and at the end of the grazing season, 
superior (p<0.001) than those that presented Holstein-Friesian cows for BW (612 and 
659 kg, respectively) and BCS (2.13 and 2.18, respectively). The cows supplemented 
with High level of concentrate (4 kg/cow/day) had higher (p<0.001) BW and BCS at the 
end of the grazing season (702 kg and 2.85, respectively) than those that presented 
the cows without supplementation (652 kg and 2.15, respectively). Furthermore, the 
BW and BCS changes were influenced (p<0.001) by the grazing feeding strategy used 
while the cow genotype only influenced (p<0.001) on the BCS change. 
 The recovery of BCS at the end of lactation was more favorable in cows 
receiving concentrate in comparison with cows without it. Finally, BCS at drying off 
differed significantly between the two grazing feeding systems, with a maximum value 
of 2.85 for the High concentrate strategy (4 kg/cow/day) and a minimum value of 2.15 
for the Low concentrate strategy (0 kg/cow/day). During lactation, the primiparous 
cows were always lighter (p<0.001) than the multiparous ones (272 kg at calving and 
248 kg at the end of lactation, respectively). The BCS was higher (p<0.001) at calving 
with 3.50 and 3.00 points for the primiparous and multiparous cows, respectively, but 
did not differ significantly at drying off (2.50 points on average). Consequently, the BCS 
loss differed (p<0.001) between parity by half a point as reported Delaby et al. (2009). 
 Milk Yield and Composition. The entire lactation performance significantly 
varied between years without any significant interaction with the grazing feeding 
strategies treatments. In the same way, the interactions between cow genotype and 
parity were never significant (Table IV.2.1.3.2.2.). The mean lactation length was 317 
days and did not differ between feeding strategies. The total MY and the peak of MY at 
lactation were higher (p<0.001) in the Holstein-Friesian cows (7,591 and 36.2 kg/cow, 
respectively) than in the Normande cows (6,214 and 29.2 kg/cow, respectively). The 
cows supplemented with concentrate (4 kg/cow/day) had higher (p<0.001) MY and 
peak of MY per lactation (7,567 and 35.0 kg/cow, respectively) than the cows no 
supplemented (6,238 and 30.4 kg/cow, respectively). The highest (p<0.001) average 
MY (24.3 kg/cow/day) was on the F4 group (F, Holstein-Friesian cows and 4 
kg/cow/day of concentrate) and the lowest (p<0.001) average MY (16.4 kg/cow/day) 
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was on the N0 group (N, Normande cows and 0 kg/cow/day of concentrate), the other 
two groups (F0, 19.2 and N4, 19.4 kg/cow/day, respectively) were in between.  
  
Table IV.2.1.3.2.2. Effect of grazing feeding strategy (Low, 0 and High, 4 kg/cow/day of 
concentrate) and cow genotype (F, Holstein-Friesian and N, Normande) on milk 
performance during the period 2001-2005. 





SEM2 Feeding Genotype Interaction 
Days in milk (days) 315 320 28.8 ns ns ns 
     Holstein-Friesian (F) 316 323     
     Normande (N) 314 316     
Total milk yield 
(kg/cow/lactation) 
6,238a 7,567b 
735.8 *** *** ns 
     Holstein-Friesian (F) 6,835a 8,347b     
     Normande (N) 5,641a 6,786b     
Average milk yield 
(kg/cow/day) 
17.8a 21.9b 
1.54 *** *** ns 
     Holstein-Friesian (F) 19.2a 24.3b     
     Normande (N) 16.4a 19.4b     
Milk yield at peak (kg/cow) 30.4a 35.0b 3.69 *** *** ns 
     Holstein-Friesian (F) 33.8a 38.6b     
     Normande (N) 27.0a 31.4b     
Protein content (g/kg DM) 32.4a 33.5b 1.39 *** *** ns 
     Holstein-Friesian (F) 30.9a 32.0b     
     Normande (N) 34.0a 34.9b     
Protein yield (g DM) 572a 724b 44.4 *** *** ns 
     Holstein-Friesian (F) 591a 773b     
     Normande (N) 552a 675b     
Fat content (g/kg DM) 38.9a 38.1b 2.47 *** *** ns 
     Holstein-Friesian (F) 37.1a 35.7b     
     Normande (N) 40.7a 40.4b     
Fat yield (g DM) 685a 823b 56.6 *** *** ns 
     Holstein-Friesian (F) 706a 864b     
     Normande (N) 664a 783b     
1Treatments: See Table IV.2.1.2.3. 
a-b Means within a row with different superscripts differ significantly (P<0.05). ns = Not 
significant; ***, p<0.001; **, p<0.01; *, p<0.05. SEM= Standard Error of the Mean. 
 
 Primiparous cows produced less (p<0.001) milk (6,508 vs. 7261 kg/lactation), 
protein (669 v. 746 g/ day) and fat yield (797 vs. 910 g/day) than the multiparous cows. 
The difference on MY between parities was lower (385 and 875 kg/cow/lactation) 
without concentrate than with it. The milk fat content of the primiparous was lower 
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(p<0.001) than the multiparous cows (38.3 vs. 39.2 g/kg DM), but the milk protein 
content was similar for both parities. The Normande had higher (p<0.001) milk protein 
and fat content (34.5 and 40.6 g/kg DM, respectively) than the Holstein-Friesian (31.5 
and 36.4 g/kg DM, respectively). The cows with concentrate had higher (p<0.001) milk 
protein and lower (p<0.001) milk fat content (33.5 and 38.1 g/kg DM, respectively) 
than cows no supplemented (32.4 and 38.9 g/kg DM, respectively). Milk protein and 
fat yields were higher (p<0.001) in the Holstein-Friesian (682 and 785 g DM/day, 
respectively) than in the Normande cows (614 and 724 g DM/day, respectively) when 
MY per cow was considered. The cows with concentrate (4 kg/cow/day) had higher 
(p<0.001) milk protein and fat yields (724 and 823 g DM/day, respectively) than those 
which received no supplementation (572 and 685 g DM/day, respectively).  
 
IV.2.1.3.3.- Maximum of Milk Yield and Drop of Milk in a Grazing Cycle 
 Figure IV.2.1.3.3. shows the effect of the four grazing treatments imposed to 
dairy cows, on the 10-days MY of residence time in a given paddock, during successive 
grazing cycles, over the entire lactation in 2005. The highest MY was reached by the F4 
group and the lowest by the N0 group with the other groups (F0 and N4) in between. 
 
 The grazing cycle is the sequence of grazings around 10-days as the residence 
time per paddock. Using a dataset of the 128 most representative grazing cycles from 
the five-years period (27 in 2001, 24 in 2002, 26 in 2003, 24 in 2004 and 27 in 2005), a 
total of 28 were analyzed (representing the 22% of the total sequences selected) from 
the two cow genotypes, the two parities and the two levels of concentrate at pasture, 
in order to calculate the MY max. and Dm. The decision for choosing the most 
representative grazing cycles was based on establishing the best approximation to the 
grazing conditions described by Hoden et al. (1986) for the simplified rotational grazing 
cycle, with an average residence time of 10-days in a paddock and a maximum of MY 
reached at day-4, and moving cows from one paddock to another one when MY over 
the previous 3 days corresponded to 85-90% of the maximum value observed on the 



































Pin au Haras, 2005
Holstein-Friesian (4 kg/cow/day) Normande (4 kg/cow/day)
Holstein-Friesian (0 kg/cow/day) Normande (0 kg/cow/day)
 
Figure IV.2.1.3.3. Effect of grazing feeding strategy (Low, 0 and High, 4 kg/cow/day of 
concentrate) on 220-days of lactation in 2005 of two cow genotypes (F, Holstein-
Friesian and N, Normande) using the simplified rotational grazing system. 1Treatments: 
See Table IV.2.1.2.3. 
  
 No significant interactions between year, cow genotype, parity and feeding 
treatments on MY max., Dm and MY at day-10 of the grazing cycle and their variation 
during lactation have been highlighted (Table IV.2.1.3.3.). The MY max. at day-4, MY at 
day-10 and Dm at day-10 were higher (p<0.001) in the Holstein-Friesian cows (25.1, 
18.7 and  ̶ 6.4 kg/cow, respectively) than in the Normande cows (21.0, 16.1 and  ̶ 4.9 
kg/cow, respectively). The cows with concentrate at pasture (4 kg/cow/day) showed 
higher (p<0.001) MY max. at day-4, greater (p<0.001) MY at day-10 and lower 
(p<0.001) Dm at day-10 (24.9, 19.6 and  ̶ 5.3 kg/cow, respectively) than cows which 
were not supplemented (21.2, 15.1 and ̶ 6.1 kg/cow, respectively). The multiparous 
cows (24.5, 18.4 and ̶ 6.1 kg/cow, respectively) had higher MY max. at day-4 (p<0.001), 
greater MY (p<0.001) at day-10 and Dm at day-10 (p<0.001) than the primiparous cows 




Table IV.2.1.3.3. Effect of grazing feeding strategy (Low, 0 and High, 4 kg/cow/day of 
concentrate) and cow genotype (F, Holstein-Friesian and N, Normande) on the 
maximum of milk yield (MY max.) at day-4, the milk yield at day-10 and the drop of 
milk (Dm) at day-10 in each grazing cycle, during the period 2001-2005. 
   Feeding1  Significance 
 Lactation Low (0) High 
(4) 
SEM Feeding Genotype Parity Interaction 




     
Holstein-Friesian (F) Prim.  21.5a 25.8b 0.33 *** *** *** ns 
 Multip. 24.1a 28.8b      
 Average 22.8a 27.3b      
Normande (N) Prim.  18.4a 20.5b      
 Multip. 20.6a 24.6b      
 Average 19.5a 22.6b      
MY at d-10 (kg/cow)         
Holstein-Friesian (F) Prim. 15.1a 20.2b 0.28 *** *** *** ns 
 Multip. 16.8a 22.5b      
 Average 16.0a 21.4b      
Normande (N) Prim.  13.6a 16.5b      
 Multip. 14.9a 19.4b      
 Average 14.3a 18.0b      
Dm at d-10 (kg/cow)          
Holstein-Friesian (F) Prim.   ̶6.4a  ̶5.6b 0.13 *** *** *** ns 
 Multip.  ̶7.3a  ̶6.3b      
 Average  ̶6.9a  ̶6.0b      
Normande (N) Prim.   ̶4.8a  ̶4.0b      
 Multip.  ̶5.7a  ̶5.2b      
 Average  ̶5.3a  ̶4.6b      
1Treatments: See Table IV.2.1.2.3. 
a-b Means within a row with different superscripts differ significantly (P<0.05). ns = Not 
significant; ***, p<0.001; **, p<0.01; *, p<0.05. SEM= Standard Error of the Mean. 
 
The results of the analysis carried out in the successive grazing cycles over the 
entire lactation of the four groups of cows show that this pattern of cyclic variations 
occurred in all the treatments (regardless of years, cow genotypes, parities and levels 
of supplementation) during the 10-days of residence time in each of the three 
paddocks of 4.8 ha. After each drop of milk, Dm, at day-10 a new MY max. and Dm is 
reached when cows are moved to the next paddock. These peaks (MY max.) and drops 
(Dm) of milk in each cycle are following the decreasing on the lactation curve of dairy 
cows. The total MY per cow throughout lactation, however, is not penalized when a 
good estimation of MY at day-10 is made by the farm manager in the grazed paddock 
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and the cows are changed to a new paddock, no grazed, when the 85-90% of the peak 
MY is reached as the high value like Hoden et al. (1986) reported.  
 
IV.2.1.4.- Discussion 
 Reducing milk production inputs, includes also better farm practices that can 
reduced farm labour as to decrease the number of paddocks, despite to increase the 
residence time in a paddock, up to limits where milk performance is not affected. Our 
trial also studied the response of two grazing feeding strategies, with and without 
concentrate at pasture, combined with the animal performance of two different cow 
genotypes. Each grazing herd contained primiparous and multiparous cows. Research 
on these interactions were conducted by several authors at Langhill in Scotland 
(Veerkamp et al., 1995), at Moorepark in Ireland (Buckley et al., 2000a) and at Le Pin 
au Haras in France by Delaby et al. (2009). A recent review by Dillon et al. (2006) 
highlighted the need to assess the adaptability of dairy cows to various levels of feed 
allowance, over a long term performance of animals at pasture.  
 Up to now the genetic selection programs were based solely on increasing milk 
production per animal, the Holstein-Friesian genes are now in most herds of the dairy 
systems with a high dietary energy deficit, particularly in the early lactation (Walsh et 
al., 2008). The correlated response between total DM intake and selection for MY is 
approximately half (Veerkamp et al., 1994); therefore, increases in feed intake, using 
supplementation at pasture, only partially offset the extra energy demands for MY, 
resulting in a greater degree of body tissue mobilization. BCS has been recognized to 
be both phenotypically (Buckley et al., 2003) and genetically (Berry et al., 2003a) 
associated with reproductive performance of animals. Dairy cows that are genetically 
superior milk producers as Holstein-Friesian cows tend to have genetically lower BCS 
throughout lactation (Dechow et al., 2001) and have a greater BCS change in early 
lactation than those of lower genetic merit (Grainger et al., 1985; Buckley et al., 
2000b) as Normande cows (Delaby et al., 2009). Generally, these developments in 
selection have increased feed requirements of high genetic potential animals 
throughout their lactation, and resulted in a clear deterioration in other functions such 
as the capacity to reproduce (Barbat et al., 2005; Mackey et al., 2007). By contrast, 
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dual-purpose breeds and animals selected on multiple criteria as Normande cows, 
used for milk and beef production, are characterized by lower milk production 
potential while preserving other zootechnical capacities. Interest in the potential use 
of alternative breeds and crossbreeding have increased in last years as a means of 
improving economic efficiency through their perceived superior functionality 
compared with the Holstein-Friesian cows (Heins et al., 2006a,b). Such animals could 
develop a greater capacity to adapt to different milk production systems ranging from 
low to high levels of supplementation at pasture where feed management is variable, 
and can be economically advantageous in grazing seasonal calving systems (McCarthy 
et al., 2007) due to their superior longevity, lower replacement rate and satisfactory 
levels of lifetime production.  
 The current study provided us an opportunity to investigate how cows are 
adapted to a grazing system with data from five years of two dairy cow genotypes at 
two parities, in each herd, using two levels of concentrate at pasture. Previous results 
using the same dataset highlighted a superior pregnancy rate of Normande than 
Holstein-Friesian cows (Delaby et al., 2009). The fertility problem of the seasonal-
calving Holstein-Friesian cows remains unresolved with an increase of the feeding level 
early in lactation as the additional feed firstly stimulates milk synthesis. Delaby et al. 
(2009) concluded that while the observed effects on production are similar in the two 
cow genotypes studied, Holstein-Friesian cows feeding concentrate at pasture showed 
the highest MY than Normande cows. This agrees with our results when a grazing cycle 
is considered, Holstein-Friesian cows feeding concentrate at pasture had higher MY 
max. and Dm than Normande cows using the rotational grazing system. 
 
IV.2.1.4.1.- Feeding Strategy and Grazing Management  
 It was found a considerable variability in nutrient intake between herds over 
the entire lactation of the four treatments studied two cow genotypes (Holstein-
Friesian and Normande) at two levels of concentrate at pasture, during each successive 
grazing cycle, using the simplified rotational grazing system. These variations resulted 
from the energy density of the diet coupled with a higher total DM intake when using 
concentrate at pasture (Delaby et al., 2009). Increasing the DHA was also proposed as 
-307- 
 
a way of stimulating intake and individual milk production performance, but above 16-
20 kg of DM offered, this approach had only moderate effects (Delaby and Peyraud, 
2003). The strategy of offering high DHA in the High level of concentrate groups on this 
study led to lower herbage utilization which was prejudicial to the subsequent quality 
of grass offered and milk output per hectare (Curran et al., 2010). Our results also 
confirmed the advantage of the animal’s grazing to a maximum post-grazing SH of 5-6 
cm as mentioned previously Delaby and Peyraud (2003), thus allowing a compromise 
between animal performance and good use of the pasture. Under these conditions, if 
the objective is to increase milk production per cow, the input of concentrate at 
grazing might be a possibility and supplementation is nowadays more efficient 
(accounting 0.9 kg milk/kg DM intake), even offered in constant quantity of 4-6 kg (in 
our study 4 kg/cow/day). According to Veerkamp et al. (1995) and Kennedy et al. 
(2003a), cows of high genetic merit potential were better able to make use of diets 
richer in concentrate, but did not express all their potential when fed forage rich diets. 
Yan et al. (2006) showed that total DM intake increased more with concentrate rich 
diets than with forage diets, and the proportion of available energy assigned to milk 
production was higher in the Holstein-Friesian cows than in the Norwegian breed.  
 Sward chemical composition usually varies within the vertical distribution of 
pasture offered and need to be taken into consideration in pasture-based milk 
production systems as the proportion of lamina material decreases, and the 
proportion of stem and dead material increases as the animal grazes progressively 
down through the sward (Curran et al., 2010). This has been especially taken into 
account when imposing a long residence time grazing on the paddock. Laxely grazed 
swards suffered higher deterioration of grass quality during the grazing season due to 
an increase in stem and dead tissue content and a reduced leaf content (Michell and 
Fulkerson, 1987; Stakelum and Dillon, 1990; Hoogendorn et al., 1992; Fisher et al., 
1995). The increase in the DHA, when concentrate was used in our trial, caused a 
systematic increase in the post-grazing SH and a decrease in sward quality. Delagarde 
et al. (2000) showed an enrichment of DM and structural carbohydrates in the lower 
layers of the sward whereas the upper layers were enriched in CP and sugar. Thus, due 
to modified morphology and chemical composition, successive defoliations of the 
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same area, under the simplified rotational grazing system, will result in a reduction of 
bite mass, intake rate and CP and sugar content, and an increase in structural 
carbohydrate content of the material ingested. Such differences in pasture 
composition may be involved in the control of short term daily PDMI through effects 
on the concentrations of fermentation end products, rumen fill, and clearance rate of 
feed from the rumen, as a combination of signals that control PDMI (Forbes, 1996). 
Indeed, an increased total grazing time and a decreased bite mass on short swards 
were found after longer regrowth of pasture compared with longer swards, as well as 
an increased rumen fill and increased pool sizes of fermentation end products 
(Chilibroste et al., 2000). Under a continuous stocking system, similar to our study of 
long residence time in a paddock under the simplified rotational grazing system, the 
bite rate, chewing rate and bite mass might be increased as the day progressed, 
showing the potential to maximize PDMI through intake behavior, whereas rumen 
fermentation end products did not play an important role in initiating or terminating a 
grazing bout (Taweel et al., 2004).  
 
IV.2.1.4.2.- Animal Performance over the Grazing Season and on the Entire Lactation 
 Differences in feed intake were found in both cow genotypes at each parity, for 
MY and milk constituents (protein and fat), as well as the variation on BW and BCS. 
Each grazing feeding strategy produced different lactation curves that confirmed the 
capacity for adaptation of the dairy cows to different grazing systems imposed.  
 Body Weight and Body Condition Score. The degree of sensitivity to variations 
in nutritive inputs, explained by the partitioning of the available energy between milk 
production and mobilization/reconstitution of the body reserves during lactation, it is 
also dependent on the genetic potential of the cows (Yan et al., 2006). Holstein-
Friesian cows had lower BW and BCS, when fed no concentrate at pasture, than 
Normande cows. The supplementation led to an increase in BW and the maintenance 
of BCS to the end of the grazing season, from 2.85 to 2.15 for cows without 
concentrate. Cows with concentrate did not use all of the additional energy to improve 
MY, particularly at the end of lactation, as part of this was used for the reconstitution 




 Normande cows were heavier with high BCS than Holstein-Friesian cows, 
regardless of parity or feeding strategy (Dillon et al., 2003a; Delaby et al., 2009). In 
Holstein-Friesian cows, the major losses of BCS were often associated with the highest 
peaks of MY (Berry et al., 2008). Delaby et al. (2009) from data of this five-years study 
showed that the loss of BCS increased by 0.36 points for each 10 kg milk at peak of MY 
and raised by 0.56 points for each extra BCS point at calving. They also found that cows 
with the poorest reproduction performance, in particular at first AI, were also those 
with the highest genetic potential for milk production (Holstein-Friesian cows). Such 
cows express their milk potential more fully with High level of concentrate at pasture, 
while at the same time mobilizing body reserves. Roche (2006) and Grummer (2007) 
reported that in cows with high genetic merit, the challenge of having one calf per 
annum involved controlling the BCS at calving, especially at the end of lactation and at 
drying off. Moreover, it would be necessary to limit the expression of milk production 
potential so as to reduce the magnitude and duration of energy deficit in early 
lactation (Veerkamp et al., 2003; Garnsworthy et al., 2008). These two approaches, 
thus, might make possible to slow down the mobilization of body reserves and the loss 
of BCS between calving and insemination (Delaby et al., 2009). At the beginning of 
lactation, the reduction of nutritive inputs in cows on the Low level of concentrate at 
pasture simultaneously reduced the MY, limited the risk of mammary gland disorders 
and increased the mobilization of body reserves. By contrast, cows of the High level of 
concentrate at pasture produced more milk while mobilizing their reserves slightly 
less, but with a higher frequency of digestive disorders, particularly within the 
Holstein-Friesian cows. 
 Previous studies have highlighted the negative correlations between BCS and 
BCS change with MY (Buckley et al., 2000b; Berry et al., 2003b; Delaby et al., 2009). 
Similarly, differences between cow genotypes in their ability to partition energy 
toward milk production and body reserves have also been reported (Dillon et al., 
2003a; Yan et al., 2006). In early lactation, BCS loss was similar for the Holstein-Friesian 
and Normande cows; however, because of differences in pre-calving BCS, the Holstein-
Friesian reached a lower BCS nadir. Furthermore, in mid to late lactation, the 
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Normande cows showed a greater propensity to gain BCS than the Holstein-Friesian, 
thus, replenishing more BCS for the subsequent lactation. This supports the hypothesis 
that energy partitioning is under genetic control (Veerkamp et al., 2003). The greater 
BCS, lower BCS loss across lactation and lower MY reported with the Normande cows 
in comparison to the Holstein-Friesian cows in the present study agrees with the 
findings of Dillon et al. (2003a) and Walsh et al. (2008). In a seasonal system in which 
grazed grass constitutes a large proportion of the diet (> 55%), such as happen in 
Ireland dairy farms, Buckley et al. (2003) reported reduced fertility on the Holstein-
Friesian cows in comparison to the Normande cows. Furthermore, previous research 
(Snijders et al., 2000; Horan et al., 2005b) reported that varying levels of concentrate 
offered with adequate amounts of high sward quality resulted in no improvements in 
reproductive performance of dairy cows at pasture. Moreover, during experiments 
with increasing feeding levels early in lactation using concentrate several authors 
(Ferris et al., 2003; Kennedy et al., 2003b; Horan et al., 2004; Delaby et al., 2009) no 
detected any favorable effects on reproduction performance.  
 Milk Yield and Composition. Total MY for the Holstein-Friesian and Normande 
cows in the current study were lower than previously reported by other authors 
(Sigwald and Dervishi, 2002; Heins et al., 2006a; Østerås et al., 2007). Nevertheless, 
Horan et al. (2005a) demonstrated that dairy cows with high genetic merit potential 
have a greater MY response to concentrate within a pasture system, resulting in a 
genotype and environment interaction for milk production. The current study did not 
identify any genotype and environment interaction for milk production, however, the 
differences in concentrate between the two grazing feeding strategies imposed by 
Horan et al. (2005a) were low as those in the current study (1 100 and 1 015 kg of 
concentrate, respectively). The increase in the DHA when concentrate was used at 
pasture caused an increase in the daily MY and in the milk fat and protein synthesis. 
The individual MY and milk composition depended initially on the productive potential 
(cow genotype and parity) at grazing. In the absence of concentrate, the MY at grazing 
was proportional to the potential of the animal. Then, the average response to 
concentrate was high, irrespective of the method of concentrate allocation used. The 
superior MY of Holstein-Friesian compared to Normande cows in this study at low 
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supplementation agrees with Heins et al. (2006a) and Walsh et al. (2008), who 
reported lower total MY per lactation, milk protein and fat yields for Normande cows.  
 At each parity, the responses of MY and milk constituents (protein and fat) 
were always more marked in the Holstein-Friesian cows than in the Normande cows. 
Although the two grazing feeding strategies had the same effect for the two cow 
genotypes, the Holstein-Friesian cows were more reactive, producing more milk and 
mobilizing their body reserves to a greater extent. In the middle and end of lactation, 
the response to large inputs of concentrate (11.25 kg of milk per kg DM of 
concentrate) at grazing was accompanied by a modest increase in protein content 
(10.6 g/kg DM) and a fall in milk fat content (21.7 g/kg DM). This milk response in our 
study was slightly higher than classically observed by other authors (Kennedy et al., 
2003a; Horan et al., 2005), also resulting from the more severe grazing management 
that we applied to the groups of cows without concentrate at pasture. When the 
concentrate was provided, part of the additional feed intake made it possible to 
reconstitute the body reserves mobilized at the beginning of lactation. On the other 
hand, while the animals with no concentrate produced less milk, they continued to 
mobilize body reserves. Finally, on the entire lactation, the regular increase in 
concentrate inputs induced a steady increase in MY from 1.2 to 1.4 kg of milk per kg 
DM concentrate. The distribution of the inputs varied according to the strategies and 
modifies the shape of the lactation curves as Delaby et al. (2009) reported. The cows 
without supplementation quickly adjusted their dairy production to the levels of 
nutritive supply allowed at pasture. In contrast, the animals which received 
concentrate at pasture made use of this additional nutritive input for the production of 
milk as well as the recovery of BW and BCS, in agreement with the results of Kennedy 
et al. (2003a), but are less marked than those obtained by Horan et al. (2005), who 
found a strong interaction between cow genotype and level of supplementation at 
pasture when comparing types of Holstein-Friesian cows resulting from North 
American or New Zealand selection schemes. The differences in MY between the two 
levels of extreme nutritive inputs reached 11 080 and 1 405 kg milk in the Holstein-
Friesian cows of North America or New Zealand ancestry, respectively, for the same 
level of concentrate allowance.  
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 Hoden et al. (1991) shows that the allocation of concentrate according to MY at 
turnout resulted in larger milk production responses from the more productive cows, 
with more concentrate. O’Brien et al. (1996), Dillon et al. (1997) and Delaby et al. 
(2001) presented an increased of milk protein content by +0.28 g/kg DM per kg of 
concentrate consumed, independent of the protein content of the milk or the MY of 
cows at turnout. This positive response, reflecting an enhanced milk protein synthesis, 
was facilitated by the additional energy input associated with concentrate 
supplementation (Coulon and Rémond, 1991). This response had a similar consistent 
reduction on milk fat content (–0.20 g/kg DM per kg of concentrate consumed) 
(O’Brien et al., 1996; Delaby et al., 2001; Dillon et al., 1997). The negative effect was, 
however, with weaker values of –0.50, –0.60 and –0.28 g/kg DM per kg of concentrate 
to those reported Delaby and Peyraud (1997), Delaby et al. (2001) and Delaby and 
Peyraud (2003). 
 
IV.2.1.4.3.- Maximum of Milk Yield and Drop of Milk in a Grazing Cycle 
 This study confirmed differences in MY potential between the two cow 
genotypes, managed using the two grazing feeding strategies (Delaby et al., 2009) 
throughout the five successive lactations from 2001 to 2005. The Holstein-Friesian 
cows, selected for higher MY, reached greater MY max. at day-4 and showed higher 
Dm at day-10 of residence time in a given paddock from each grazing cycle, compared 
to the Normande cows, selected for milk and beef production, under our simplified 
rotational grazing system. Using concentrate at pasture (4 kg/cow/day) the effect on 
MY max. and Dm in both cow genotypes, with greater peak MY max. at day-4 and 
lower drop Dm at day-10, was more pronounced than without it. Moreover, parity 
showed an effect on MY max. and Dm, with higher values in multiparous  than in 
primiparous cows. In summary, peak MY max. and drop Dm of milk in a grazing cycle 
under the rotational grazing system were affected by the cow genotype, the parity of 
cows and the levels of concentrate fed at pasture. Holstein-Friesian cows seemed to be 
more reactive than Normande cows across the grazing season. The cyclic variations of 
MY in the current study, were also found in previous studies carried out by Hoden et 
al. (1986, 1991) and Delaby and Peyraud (2003) at Le Pin au Haras in France. However, 
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in this study the response on the MY max. and Dm in a grazing cycle has been newly 
considered for research, taking into account the cow genotypes and the different 
grazing feeding strategies. This constitutes a gap of knowledge and in future works 
might be interesting consider to determine deeply how milk performance of dairy 
cows change on a long residence time in a paddock across successive lactations. 
 The milk production pattern observed in each grazing cycle was used to 
determine the moment of the paddock change, using a measure of SH made after 
grazing of each paddock. Mayne et al. (1987, 1988) proposed residual SH as a factor 
for deciding the paddock change. In the current study, post-grazing SH was 0.5 cm 
lower without concentrate at pasture (5.5 cm) than with it. It seems that the 
determination of post-grazing SH, and now the peak MY max. and the drop Dm are 
good tools for grazing management and milk performance of dairy cows. Anyway, the 
three of them should be considered relevant at farm level. Daily MY of cows is easy to 
estimate in the tank and determinations of average MY max. and Dm by herds might 
be calculated for all cows using daily data registered. Guidelines for residual SH must 
be considered according to the grazing area as Hoden et al. (1991) highlighted and 
now we also propose to include the peak and drop of MY values when a long residence 
time in a paddock is made by farmers to get a better approximation to the grazing 
system and, thus, balancing the difference between MY max. and Dm in dairy cows 
throughout lactation from different breeds, parities and levels of supplementation.  
 
 IV.2.1.5.- Conclusions   
To give at dairy farmers the possibility of reducing the number, by using big 
dimensions, paddocks (i.e. three of 4.8 ha for 18 cows), for grazing through increasing 
the mean residence time in each paddock to ten days, is the aim of the simplified 
rotational grazing system. The productive performance of dairy cows should be not 
compromised throughout lactation of the treatment groups. The Holstein-Friesian 
cows showed the highest maximum milk yield at day-4 and the highest drop of milk 
yield at day-10 in each grazing cycle, higher in multiparous than in primiparous cows, 
compared to the Normande cows. The groups of cows supplemented with 4 
kg/cow/day reached the highest maximum of milk yield at day-4 in each grazing cycle 
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but had the lowest drop of milk yield at day-10. The results of this study highlight the 
importance of controlling the drop of milk yield in each grazing cycle in order not 
penalizing milk performance throughout lactation. Despite every ten days a drop of 
milk is observed in all the herds of cows following a cyclic variation, over the entire 
lactation of the cows did not show any negative effect on milk performance. 
There were largest differences in animal performance (body weight and body 
condition score) and milk production (milk yield) and composition (protein and fat) for 
the two cow genotypes considered (Holstein-Friesian and Normande cows), at the two 
parities (primiparous and multiparous cows) studied, when were managed in the two 
contrasting grazing feeding strategies (Low, 0 kg/cow/day and High level of 
concentrate at pasture, 4 kg/cow/day) during the five-years period. The highest body 
weight and body condition score were reached in the Normande cows supplemented 
with 4 kg/cow/day of concentrate. The highest milk yields per lactation and on a daily-
basis were obtained, however, by the Holstein-Friesian cows supplemented with 4 
kg/cow/day of concentrate but this herd showed the lowest milk protein and fat 
content in comparison to the Normande cows feeding the High level of concentrate at 
pasture. Nevertheless, milk protein and fat yields were higher in the Holstein-Friesian 
cows than in the Normande cows when the same feeding strategy was applied at 
pasture. Each grazing feeding strategy used in both dairy cow genotypes produced, 
therefore, different milk yield lactation curves with different milk protein and fat 
curves related to different animal performances that confirm the capacity for 
adaptation of the dairy cows to the grazing system selected. 
The Normande cows (in the Northern of France), have lower reproductive and 
health problems, with a longer productive life and show higher milk quality (higher 
protein and fat contents) and are now considered as an alternative to the Holtein-
Friesian cows, despite showing lower milk yield. To choose the appropriate type of cow 
more adapted to the forage system is a goal, for an efficient use of animal production 
potential, always adjusting the food supply to the animal demand according to the 
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RESUMEN CAPÍTULO IV.2.1. 
EFECTO DEL MODELO DE PASTOREO ROTACIONAL SIMPLIFICADO SOBRE LA 
PRODUCCIÓN LECHERA DE VACAS HOLSTEIN-FRIESIAN Y NORMANDAS A DOS NIVELES 
DE SUPLEMENTACIÓN EN PASTOREO 
Resumen. Se estudió el rendimiento productivo de dos genotipos de vacas 
lecheras, Frisonas (F, n=178) y Normandas (N, n=174), en dos estados de lactación 
(primíparas, n=149) y (multíparas, n=203), alimentadas con dos niveles de 
concentrado, bajo (0 kg/vaca/día, n=174) y alto (4 kg/vaca/día, n=178), utilizando 
cuatro rebaños (F0, F4, N0 y N4) en un diseño factorial 2x2 durante el período 2001-
2005. Se alcanzó un máximo de producción de leche (MY max.) a los 4 días dentro de 
un tiempo de residencia en una parcela de 10 días, utilizando un sistema de pastoreo 
rotacional simplificado con tres parcelas por rotación, en los que sucede también una 
caída de leche (Dm) por vaca. La producción de leche MY y el pico de lactación fueron 
mayores (p<0,001) en las vacas Frisonas (7.591 and 36,2 kg/vaca) que en las 
Normandas (6.214 and 29,2 kg/vaca), con menor (p<0,001) peso vivo (BW) y condición 
corporal (BCS). Las vacas suplementadas tuvieron una producción MY total y un pico 
de leche por lactación (7.567 y 35,0 kg/vaca) mayor (p<0,001), con superior (p<0,001) 
BW y BCS, que las vacas sin concentrado (6.238 y 30,4 kg/vaca). Durante el tiempo de 
residencia en una parcela, las vacas suplementadas presentaron mayor MY max. 
(p<0,001) (24,9 y  ̶ 5,3 kg/vaca) y menor Dm (p<0,001) que las que no lo fueron (21,2 y   
̶ 6,1 kg/vaca). La MY max. y Dm (p<0,001) fueron mayores en las vacas Frisonas (25,1 y  ̶ 
6,4 kg/vaca) que en las Normandas (21,0 y  ̶ 4,9 kg/vaca). Las vacas mulparas (24,5 y   ̶ 
6,1 kg/vaca) presentaron una MY max. y una Dm mayor (p<0,001) que las primíparas 
(21,6 y   ̶ 5,2 kg/vaca). El contenido de proteína y grasa en leche fue mayor (p<0,001) 
en las Normandas (34,5 y 40,6 g/kg MS) que en las Frisonas (31,5 y 36,4 g/kg MS). 
Palabras clave adicionales: caída de leche; ciclo de pastoreo; ganado vacuno; máximo 
de producción de leche; tiempo de residencia; sistema de pastoreo rotacional 
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BEHAVIOUR OF TWO DAIRY COW GENOTYPES (HOLSTEIN-FRIESIAN vs. JERSEY 
CROSSBREED) IN TWO MILK PRODUCTION SYSTEMS (GRAZING vs. CONFINEMENT) 
 
Short title: Behaviour of two dairy cow genotypes in two milk production systems   
 Abstract. Diverse milk production systems exist in Europe, ranging from low 
input to high input systems. The aim of this study was to compare the impact of these 
two different systems on the behavioral activities of two cow genotypes, Holstein-
Friesian (HF) and Jersey × Holstein-Friesian crossbred (Jx), when managed within two 
milk production systems, a low input grazing system (G) or a high input confinement 
system (C). Eighty spring calving cows (HF, n=40 and Jx, n=40) were randomly assigned 
to one of two milk production systems (G, n=40 and C, n=40) in a block design with a 
2×2 factorial arrangement of treatments (HF-G, HF-C, Jx-G and Jx-C). Cows behavioral 
activities (feeding/grazing, lying, standing and ruminating) were registered on three 
periods at 20-min intervals, between 16.00–22.00 h and 07.00–14.00 h. Milk yields 
were the same (14.8 kg/cow/day) for the two herds in the grazing system (HF-G and Jx-
G), but different in the confinement system (HF-C, 28.0 and Jx-C23.3, respectively). 
System had an effect on cow behavior. Animals on the grazing system spent more time 
(p<0.001) grazing (522 min.) than those on the confinement system spent feeding (173 
min.). Cows on the confinement system spent more time (p<0.001) lying (411 vs. 212 
min.), standing (236 vs. 85 min.) and ruminating (244 vs. 141 min.) than spent those in 
the grazing system. There were differences between periods for time spent lying 
(p<0.001), feeding/grazing (p<0.05) and ruminating (p<0.001), while time spent 
standing did not differ between periods. Cow genotype had no effect on behaviour.  
Additional key words: crossbreeding, daily time budget, dairy cattle, grazing 
behaviour, low and high inputs systems, rumination.  
Abbreviations used. BCS (body condition score), BW (body weight), CAN (calcium 
ammonium nitrate), CCI (cow comfort index), DIM (days in milk at the start of the 
trial), DM (dry matter), ECL (eligible cows lying), Gt (genotype), HGM (high genetic 
merit), MY (milk yield), PDMI (pasture dry matter intake), Pr (period), SEM (standard 





 Northern Ireland dairy farmers continue to face increasing pressures and 
challenges including; increasing cost of inputs (fertilizer and concentrates), unstable 
milk prices and declining levels of fertility (Ferris and Vance, 2010). In order to remain 
profitable dairy systems, in this climate Irish farmers have adopted different strategies 
of milk production ranging from low input pasture-based grazing systems to minimize 
costs to high input confinement systems with the aim of maximizing milk output per 
cow. Within these contrasting systems there are significant differences in terms of cost 
of inputs, labor complexity, nutrient management, milk output, behavioral patterns, 
welfare issues and environmental impact. To date, little research has been conducted 
comparing these contrasting milk production systems (Ferris and Vance, 2010). 
 Until recently the Holstein-Friesian dairy cows have been selected almost 
exclusively in high inputs systems as the best option, with milk production and cow 
conformation being considered as the predominant breeding goal traits (Dillon et al., 
2006). Nevertheless, in last times the improvements in genetic merit for milk potential 
have made also possible to achieve high milk performances by using well managed 
pasture-based systems and low levels of supplementation (silage and/or concentrate) 
at pasture. Several studies carried out by Kennedy et al. (2002), Horan et al. (2005), 
Delaby et al. (2009) have shown that it is now possible to reach 7,000 kg of milk per 
lactation, or even more, with Holstein-Friesian dairy cows in compacted spring calving 
systems at pasture and supplemented with low levels of concentrate. Therefore, 
achieving high levels of pasture dry matter intake (PDMI) within low inputs pasture-
based milk production systems can be challenging for temperate regions (Dillon, 2006), 
especially when compared with high inputs concentrate based systems. 
 However, selection programs which resulted in these high levels of milk 
production efficiency largely ignored functional traits (Ferris and Vance, 2010). Results 
from AFBI Hillsborough studies (Ferris and Vance, 2010) and international research 
findings (Heins et al., 2008) have found an improved levels of fertility, health, longevity 
and milk composition in crossbred animals (Jersey x Holstein-Friesian) compared to 
Holstein-Friesian contemporaries in systems of low and higher concentrate inputs. 
-325- 
 
Moreover, these authors pointed that Jersey crossbred cows might have an important 
role on higher input production systems in the future (Ferris and Vance, 2010).  
 While increased food intakes can be achieved through management strategies, 
there is evidence suggesting that some cow genotypes are more suited to pasture-
based milk production systems than others (Peyraud et al., 2010). It is now well 
established that dairy cows selected solely on milk have poorer fertility performances. 
And this negative effect observed on high input systems might be exacerbated in low 
input systems. Several authors (Dillon et al., 2003; Horan et al., 2005, 2006; McCarthy 
et al., 2007) have reported that high genetic merit (HGM) cows always produce more 
milk even on a low input pasture-based milk production system. But these animals are 
also characterized by degraded reproductive performances for all indicators of fertility 
(i.e. intervals to first service, pregnancy rates and no-return rates). Furthermore, the 
undesirable side effects of HGM cows for milk on reproduction and survival do not 
seem to be counteracted by adjustment of the management. Concentrate 
supplementation (Kennedy et al., 2003; Delaby et al., 2010) or offering more 
proportion of grass (Buckley et al., 2000; Horan et al., 2004) in the ration did not 
correct for genetically induced inferior fertility of HGM cows. Thus, the improvement 
of genetic merit for milk production does not appear any more to be the unique 
objective and the question of the suitability of HGM cows and the place of alternative 
breeds for pasture-based milk production systems is researched (Peyraud et al., 2010).  
 Few studies have compared the behavior of dairy cattle indoors and at pasture 
(O´Connell et al., 1989; Krohn, 1994). In the mentioned works, cows from the same 
herd were studied both at pasture and while housed in order to look at differences in 
agonistic behaviour, time budgets and synchrony for the budgets and the extent to 
which synchrony can give some information about welfare. Large changes in time 
budgets may lead to spare time (Hughes and Duncan, 1989) and boredom (Wood-
Gush, 1973) while a loss of synchrony in certain behavioral patterns may reflect the 
fact that animals can no longer show normal social facilitation (Kilgour and Dalton, 
1984). In addition, some behavioral patterns seen outside may not occur indoors and 
vice versa. The lay-out of a cow shed may affect the welfare of dairy cows in a number 
of ways (Potter and Broom, 1987), and this aspect was also investigated in this study. 
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 Feeding is considered the predominant behavior of ruminants, as illustrated by 
the observation that feeding activity has priority over rumination whenever the causal 
factors of the two activities conflict (Metz, 1975). Feed intake is, thus, the major factor 
influencing milk production and body condition change during lactation on dairy cows. 
The design of the feeding system, feeding management and dietary formulations must 
recognize the dynamic nature of dairy cow psychology and physiology, nutrient 
requirements and variability in feedstuff composition (Sniffen et al., 1993). Improperly 
grouping dairy cows may perturb their normal behavioral routines and time budgets. 
In essence, dairy cows spend 3 to 5 hours per day feeding, consuming 9 to 14 meals 
per day. In addition, they ruminate 7 to 10 hours per day, spend approximately 30 
minutes per day drinking, 2 to 3 hours per day being milked and require approximately 
10 hours per day of lying and/or resting time (Grant and Albright, 2000). Management 
decisions on a dairy farm must not interfere with the cow’s ability to perform these 
behavioral activities which comprise their daily routines. A more homogeneous group 
of cows makes proper ration formulation easier and also decreases nutrient excretion, 
thus reducing the impact on the environment and land use (St-Pierre and Thraen, 
1999). Although feeding behavior and DM intake are controlled by rumino reticular fill 
and chemostatic mechanisms, feed intake is modulated by management factors such 
as grouping strategy, feeding and housing facilities and social interactions that occur 
throughout the day. Factors that modulate feeding behavior can be optimized to 
promote intense feeding activity and maximum total DM intake. Social hierarchies and 
competition for feed affect also feeding behavior. A highly competitive time period at 
the feed barrier coincides with return of dairy cows from milking and when fresh feed 
is delivered (Friend and Polan, 1974). Early research with small groups of dairy cows 
indicated that the maximum effect of dominance hierarchies and competition lasted 
for 30 to 45 min after delivery of fresh feed was provided (Friend et al., 1977). 
 Traditionally, dairy cattle have been thought to exhibit diurnal feeding patterns 
whereby they consume the majority of their daily DM intake between dawn and dusk 
(Hafez and Boissou, 1975), and more specifically, referred to as crepuscular feeding, 
with their largest and most extensive meals occurring at sunrise and sunset (Ray and 
Roubicek, 1971; Hafez and Boissou, 1975; Ruckebusch and Bueno, 1978). There have 
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been reviews (Albright, 1993; Grant and Albright, 1995, 2000) of the feeding behavior 
of lactating cows housed in free stall environments and fed a total mixed ration (TMR). 
Grant and Albright (2000) concluded that management factors such as grouping, 
feeding system design and apparatus, composition and physical characteristics of the 
feed being consumed, as well as social hierarchy and competition for food and water, 
are all factors that influence the feeding behavior of cattle. Unfortunately, there has 
been limited research (Tanida et al., 1984; Menzi and Chase, 1994; Wagner-Storch and 
Palmer, 2003) on how cows at pasture or housed pattern their feeding during the 
course of the day when different milk production systems are used and what causes 
variations in these patterns. Cows housed in a free stall barn are commonly fed a TMR 
supplied once or twice daily while at pasture cows have free access to grass for all day.  
 The aim of this study carried out during six weeks in summer was to compare 
the behavioral activities of two cow genotypes (Holstein-Friesian and Jersey x Holstein-
Friesian crossbred) when managed within two contrasting milk production systems (a 
low input pasture-based grazing system and a high input total confinement system). 
 
IV.2.2.2.- Material and Methods 
The study was conducted at AFBI Hillsborough, Co. Down, Northern Ireland 
(54o5’N; 6o1’W) and involved eighty spring calving dairy cows managed on one of two 
milk production systems during six weeks from July to August 2009. The grazing area 
was a perennial ryegrass sward (Lolium perenne L.), which after a few years old, under 
good grazing management conditions, showed low proportion of other species.  
 
IV.2.2.2.1.- Weather Climatic Conditions 
 Mean daily temperatures in 2009 were in line with those of the last 10-years 
average (1999-2008) (9.4oC). January, February and December (5.0oC) were the coldest 
months compared to July and August that were the hottest months (14.8oC). The 
number of hours with sunshine was the lowest from December to February (2.0) than 
in July and August (4.7). Total monthly rainfall was greater in August (+17.0 mm) 
compared to July (77.9 mm) during 2009, however, these values were in line with the 




IV.2.2.2.2.- Experimental Design, Animals and Treatments 
The experiment investigated the effect of two cow genotypes (n=80), Holstein-
Friesian (HF, n=40) and Jersey x Holstein-Friesian crossbred (Jx, n=40) dairy cows, when 
managed within two contrasting milk production systems, a low input pasture-based 
system grazing grass (G, n=40) to reduce feeding costs of milk production and a high 
input total confinement system feeding silage (C, n=40) trying to maximize milk output 
per cow. The breeding season within this study commenced on the 1st April at which 
point dairy cows were on a minimum of 42 days in milk (DIM) post-calving. The 
behavioral activities of eighty dairy cows were observed during six weeks from middle 
to end summer, divided in three periods of two weeks (P1, end July; P2, middle 
August; P3, end August). A randomized block design with a 2×2 factorial arrangement 
of treatments was performed using primiparous (n=16) and multiparous (n=64) dairy 
cows from the experimental Hillsborough herd. The following four treatments were 
imposed in four separately experimental farmlets (n=20): HF-G (HF, Holstein-Friesian 
cows and G, grazing grass), HF-C (HF, Holstein-Friesian cows and C, confined feeding a 
total mixed ration), Jx-G (Jx, Jersey crossbreed cows and G, grazing grass) and Jx-C (Jx, 
Jersey crossbreed cows and C, confined feeding a total mixed ration).  
 
IV.2.2.2.3.- Grazing Management and Confinement Feeding   
 Cows on the low input pasture-based system commenced grazing on the 9th 
March and were managed as a single group until 24th March after which cows were 
split into the two genotype groups. Initially, animals grazed for 2-3 hours per day after 
a.m. milking which was subsequently increased to 9 hours per day from 19th March (6 
hours after a.m. milking and 3 hours after p.m. milking). From the 19th March animals 
received 4 kg DM/day of concentrate per cow in the milking parlour (Thompsons 
Classic 18% CP) and were supplemented with grass silage after evening grazing. A 
grazing nut was fed instead of Thompsons Classic from the 23rd March. Full time 
turnout was reached on 2nd April after which concentrate feed levels were reduced to 
2 kg DM/cow/day on 20th April and further to 1 kg DM/cow/day on 24th April (half 
during a.m. and p.m. milking). During risk periods when concentrate fed levels were 
-329- 
 
below 1.5 kg DM/cow/day, cows were supplemented with magnesium in the form of 
calcined magnesite which was dusted onto paddocks at a rate of 200 g/cow/day.  
 A total of 8.4 ha of land were required for the study, 4.2 ha for each of HF and 
Jx groups. Cows then commenced rotational grazing in each farmlet, with the two 
genotypes grazing in separate groups, with a minimum distance of 30 m always 
maintained between groups. Once fulltime turnout was reached, a flexible rotational 
grazing system was adopted, with fresh herbage allocated daily after p.m. milking. It 
was planned that grazing area remained fixed throughout the study with each paddock 
being 0.2 ha in size. On the 17th February fertilizer in the form of urea N was applied to 
all grazing areas at the rate 25 kg/acre (half bag/acre, 46% N). All subsequent fertilizer 
applications were in the form of calcium ammonium nitrate (CAN) (27% N) and applied 
after each grazing. Total N application rates over the course of the season were 238 kg 
N/ha. Fertilizer was sown within 2-3 days of each paddock was grazed. Poor weather 
conditions and broken spinner during the second grazing rotation delayed fertilizer 
applications during times of peak grass growth. Spreading was caught up on 13th May.  
 Cows on the high input confinement system were housed on the 9th March and 
were split into the two genotype groups on the 24th March with each group being 
offered 6 Calan gate feeding boxes, opened by a transponder worn round cows’ neck, 
with fresh food offered at 11.00 hour. Grazing and confined cows did not have access 
to food during a.m. and p.m. milkings. In addition, animals on the total confinement 
system did not have access to food between 09.00 and 10.00 hours when refused food 
was removed and replaced with fresh food each day. The flooring in the passage was 
smooth concrete cleaned by automatic scrapers. The cows were housed in pens 
containing 24 free-stalls deep bedded with sand. There were two drinking troughs with 
water constantly available. Throughout lactation animals were offered a total mixed 
ration (TMR) consisting of a mixture with grass silage and concentrate. The forage: 
concentrate ratio of this diet was adjusted as lactation progressed as follows: calving 
to day 100 post-calving (40:60, respectively), day 100 to day 200 post-calving (50:50, 
respectively) and more than 200 days post-calving (60:40, respectively). In addition, 1 
kg DM/cow/day of a commercial concentrate (Thompsons Classic 18% CP) was offered 
in the milking parlour, 0.5 kg during each milking to the confined cows.  
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 Animals were offered 1st, 2nd and 3rd cut silages for 145, 128 and 92 feeding 
days, respectively. These cow feeding days were based on the data of Mayne et al. 
(1986) which indicated yields of 1st, 2nd and 3rd cut silages to be approximately 40, 35 
and 25% of total yield, respectively. Changeover to different silage cuts was made on 
the following dates: 1st cut – fed until 3rd July 09, 2nd cut – fed until 8th November 09 
and 3rd cut – fed during end of lactation/dry period. 
 
IV.2.2.2.4.- Sward Measurements 
 Herbage DM Yield. Pasture herbage mass (>4.0 cm) was determined weekly by 
cutting six strips per paddock (1.2 m wide × 5 m long) per treatment with an Agria 
machine (Etesia UK Ltd., Warwick, UK). Grass samples were then taken for dry matter 
content determination and dried during 24-36 hours at 85oC in an oven. The equation 
used was: Herbage yield > 0 cm (kg DM/ha) = (316 * grass height (cm)) + 330. 
 Pre- and Post-Grazing Sward Heights.  Pre and post-grazing sward heights (SH) 
were measured daily using a rising plate meter. Twenty SH were made in a “W” 
formation within each grazing area. A grass budgeting was also performed weekly 
taking into account farm cover in order to establish grass supply and shortage. 
 Sward Chemical Composition. Milled sward samples were dried at 60oC during 
48 hours for later determination of crude protein by NIRS System. Metabolic energy 
was also calculated for the grass fed by each of the grazing groups. 
 
IV.2.2.2.5.- Animal Measurements 
 Body Weight and Body Condition Score. Body weight (BW) was recorded twice 
daily after a.m. and p.m. milking with an average calculated for each week. Body 
condition score (BCS) was scored weekly by two separate experienced operators on 
alternative weeks throughout the experiment on a 1 to 5 scale (1= emaciated, 5= 
extremely fat) with 0.25 increments (Lowman et al., 1976).  
 Milk Yield and Composition. Daily milking took place at 05.00-07.00 hours and 
14.00-16.00 hours and individual milk yields (MY) (kg/cow/day) were recorded at each 
milking for each cow. Milk protein and milk fat content (g/kg DM) were determined 
from two successive evening and morning weekly milkings, with a.m. and p.m. samples 
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being analyzed separately. The concentrations of both milk constituents were 
determined by MilkoScan System.  
 
IV.2.2.2.6.- Recording Animal Behavioral Activities  
 On three occasions during a six week period, each herd was observed at 20 
minutes intervals between 16.00 – 22.00 hours and, 07.00 – 14.00 hours by the same 
operator. The behavior of each cow was recorded, as follows: feeding/grazing, lying or 
standing (the latter included walking and drinking, but not feeding/grazing). 
Ruminating activity or non-ruminating was also recorded. The total time that each cow 
spent in each of these activities was calculated for each observation period to obtain 
daily time budget and synchrony of behaviors between the members of a group. Data 
presented on this paper are mean of 13 hours of daily observation by each cow. 
 
IV.2.2.2.7.- Statistical Analysis 
All statistical analyses were carried out using REML analysis by Genstat. Sward 
and animal measurements and cow behavioral activities were performed as a 2 x 2 
factorial design (2 cow genotypes and 2 milk production systems), with repeated 
measures (3 periods), by the model: Yijkl = μ + Hi + Dj + Pk + Wl (Pk) + Hi×Dj + eijkl 
where: Yijk represents the response of sward or animal k to cow genotype i and 
milk production system j; μ is the mean; Hi is the cow genotype (i= 1, HF to 2, Jx); Dj is 
the milk production system (j = 1, grazing to 2, silage); Pk is the sub-period (k = 1 to 3); 
Wl (Pk) is the week within period (l = 1 to 6); Hi×Dj is the interaction between cow 




IV.2.2.3.1.- Grazing Management and Confinement Feeding 
 Average rotation length for both cow genotypes in the pasture-based system 
was of 21 days with a mean PDMI of 15.0 kg DM/cow/day, lower than the total DM 
intake observed in the confinement system for both cow genotypes (18.5 kg 
DM/cow/day). Total concentrate inputs with the low input pasture-based system and 
the total confinement systems were of 1.2 and 3.3 t DM concentrates, respectively.   
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IV.2.2.3.2.- Sward Measurements 
 Mean pre- and post-grazing SH during the experimental period were of 10.3 
and 6.1 cm, respectively for the Holstein-Friesian dairy cows and 10.0 and 5.9 cm, 
respectively for the Jersey crossbred cows, while herbage grazed had a mean crude 
protein and metabolic energy content in DM of 193 g/kg and 11.5 MJ/kg, respectively.  
 
IV.2.2.3.3.- Animal Performance 
 MY (kg/cow/day) were lower (p<0.001, ̶ 10.9) in the grazing than in the 
confinement system (25.7), with differences (p<0.001) between cow genotypes in the 
confined cows (+ 4.7 kg/cow/day of MY for the HF) (Table IV.2.2.3.3.). An interaction 
between genotype and system was observed for MY. Jx cows had higher milk protein 
(g/kg DM) (p<0.05, +1.9) and fat (g/kg DM) (p<0.01, +4.2) than HF cows (35.7 g/kg DM 
and 44.4 g/kg DM for protein and fat). There were no differences between systems for 
protein and fat. Jx cows were lighter (p<0.001, ̶ 58 kg) than HF cows (552 kg) and, cows 
on the confinement system were heavier (p<0.001, + 83 kg) than those on the grazing 
system (482 kg). BCS was lower (p<0.001, ̶ 0.41) for cows in the grazing than in the 
confinement system (2.67) and, Jx cows showed higher (p<0.001, +0.10) BCS than HF 
cows had (2.42). An interaction between cow genotype and system was found for BCS.  
 
Table IV.2.2.3.3. Effect of genotype and milk production system on cow performance. 
1Treatments: HF-G (HF, Holstein-Friesian cows and G, grazing grass), HF-S (Holstein-Friesian cows and C, 
confined feeding a TMR), Jx-G (Jersey crossbreed cows and G, grazing grass) and Jx-S (Jersey crossbreed 
cows and C, confined feeding a TMR). 2Gt: Genotype; 3Sys: System; 4SEM: Standard Error of the Mean. 









  Interaction 




  SEM Sig.  SEM Sig. 
Milk yield (kg/cow/day) 14.8 28.0  14.8 23.3  0.32 ***  0.32 ***  0.45 *** 
Milk protein (g/kg DM) 35.4 35.9  37.5 37.7  0.59 *  0.59 ns  0.83 ns 
Milk fat (g/kg DM) 45.0 43.8  49.1 48.0  0.96 **  0.96 ns  1.35 ns 
Body weight (kg) 510 594  453 535  4.2 ***  4.2 ***  5.9 ns 
Body condition score 2.27 2.56  2.25 2.78  0.02 ***  0.02 ***  0.03 *** 
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IV.2.2.3.4.- Animal Behavioral Activities  
 Scanning of behavioral activities commenced on 29th July when cows were on 
161 DIM. Time spent lying (p<0.001), feeding/grazing (p<0.01) and ruminating 
(p<0.001) differed between periods, while time spent standing did not differ (Table 
IV.2.2.3.4.). Cows on the P3 spent more time lying (+53 min.) and ruminating (+21 
min.) than on the P1 (289 and 186 min., respectively). None of the behaviours 
recorded were affected by cow genotype (p>0.05). Confined cows spent more time 
standing and ruminating (p<0.001) compared to those on the grazing system, while the 
latter spent more time grazing than those confined spent feeding (p<0.001).  
 
Table IV.2.2.3.4. Effect of cow genotype and milk production system on cow behaviour. 
1See Table IV.2.2.3.3. 2Pr: Period; 3 Gt: Genotype; 4Sys: System; 5SEM: Standard Error of the Mean. 
6Significance: ns, Not significant (p≥0.05); ***: p<0.001; **: p<0.01; *: p<0.05.  
  
 Although data presented in Figures IV.2.2.3.4. a, b, c and d (where each point 
represents mean data for the three observations each hour across the three recording 
periods) cannot be analyzed statistically, a number of interesting trends can be 
  HF
1






  Interaction 




  SEM Sig.  SEM Sig.  SEM Sig. 
Lying     1 144    409  162    442         
                                       2 214 407  212 383             
                         3 302 412  240 413             
 1-3 220 409  205 413  25.4 ***  22.5 ns  22.5 ***  24.1 ** 
Standing  1 117 250  116 209             
                                               2 96 230  62 253             
                                               3 55 235  67 242             
 1-3 89 238  82 235  24.7 ns  22.7 ns  22.7 ***  23.8 ** 
Feeding/                               1 560 170  547 172             
Grazing 2 506 180  544 181             
 3 465 176  514 164             
 1-3 510 175  535 172  17.0 **  16.4 ns  16.4 ***  16.8 ns 
Ruminating 1 114 223  150 257             
 2 121 256  117 240             
 3 237 251  184 157             
 1-3 140 239  142 249  15.8 ***  15.2 ns  15.2 ***  15.6 ns 
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identified within both cow genotypes the main grazing bouts occurred after each 
milking, with the evening bout appearing to be more prolonged in comparison to the 
morning bout. Furthermore, the percentage of cows feeding indoors remained 
relatively constant throughout the day, except for the period prior to fresh feed being 
offered. However, the number of cows feeding at any one time was limited by access 
to six Calan gates. The main lying time with the grazing cows was after morning grazing 
bout was finished (09.00 – 11.00 hours), while the main lying time with the confined 
cows was during the period immediately after morning milking (07.00 – 10.00 hours).  
 A comparison of groups indoors and outdoors indicated a much greater degree 
of synchrony in the cows managed at the pasture-based milk production system than 
in the confinement system. In terms of time spent by dairy cows in different activities, 
while indoors over the experimental period from 7.00  ̶  14.00 to 16.00  ̶  22.00 hours 
the herd as a whole spent on average proportionately 49% of time lying, 22% feeding 
and 22% involved in other behavior such as standing (including walking and drinking). 
When outdoors over the same period the dairy herd spent 25% of time lying, 68% 
grazing and 7% involved in other behavioral activities as standing. Ruminating 
represented on average 15% of time spent by grazing cows (at the same that animals 
were standing or lying) while confined cows dedicated 28% of their time to rumination. 
 The general impression of this was that when indoors the only time any degree 
of synchrony in feeding was shown when fresh food was given (29%) in the morning 
between 11.00 and 13.00 hours. At 09.00 hours, the percentage of cows feeding is 
fallen to 0% while at this time the maximum of cows were observed to be lying (92%). 
Then the percentage of cows lying dropped progressively until afternoon milking at 
14.00 hours (38%). After p.m. milking, from 16.00 to 18.00 hours, the percentages of 
cows lying and standing were higher reaching values of 39% and 39%, respectively. The 
percentage of lying cows continued to increase until the night, from 19.00 to 22.00 
hours, with average value of 44% while standing was reduced to 26%. At 21.00 hours, 










































































































Figure IV.2.2.3.4. Percentage of dairy cows within each group involved in a range of 
























 One of the key findings from the first experiment carried out at AFBI 
Hillsborough, from which a second experiment regarding for cow behaviour was 
contemplated, in relation to the research project “Comparison of the performance of 
two cow genotypes within a low input grazing system and a high input total 
confinement system” was that Jersey crossbred cows continued to exhibit a similar 
production response as the Holstein-Friesian cows to increasing levels of concentrate 
supplementation (Ferris and Vance, 2010).  Thus, Jersey crossbred cows and Holstein 
cows appear to digest their food and utilize the digested nutrients with similar 
efficiencies. The results obtained in this study were in line with previous works at AFBI 
which compared Holstein-Friesian cows of high and medium genetic merit for milk 
production (Ferris et al., 2000) and Norwegian and Holstein-Friesian (Yan et al., 2006). 
 While crossbreeding has normally been assumed to be more suited to lower 
input systems, such as those within New Zealand, the findings of Ferris and Vance’s 
first experiment suggested that there might be also a role for crossbreeding within 
higher input systems. To address this issue, a second study was conducted by the same 
research team in which Jersey crossbred and Holstein-Friesian cows were managed on 
either a low input grazing system or a high input total confinement system for a full 
lactation. Cows on the low input pasture-based system were offered 7.0 kg DM of 
concentrate/cow/day until turnout, and there after 1.0 kg DM concentrate/cow/day 
throughout the grazing season. Cows on the total confinement system were confined 
all year and offered a diet containing 60%, 50% and 40% concentrate (DM basis) during 
days 1-100, 101-200 and 201-250 of lactation, respectively. As part of this second 
study, the behavioral activities of cows were investigated by Roca-Fernández et al. 
(2010) during six weeks with the aim to investigate if there were any difference 
between the two cow genotypes and the two milk production systems on behaviour. 
 Taking in mind that diverse dairy systems exist worldwide, ranging from low 
input pasture-based grazing systems to high input confinement systems and that the 
impact of these very different systems on cow behaviour and welfare, however, have 
not been yet extensively examined. Nevertheless, it is now well-known that changes in 
the behavioral activities of dairy cows can be used as an indicator of cow welfare 
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(Müller and Schrader, 2003). For example, lying is believed to be very important for the 
well-being of dairy cattle, and it is suggested that when not feeding, the majority of a 
cows time should be spent lying (Overton et al., 2002). Dairy cows at pasture display 
temporal patterns of grazing, i.e. there is a distinct pattern in behavior over time 
(Linnane et al., 2001; O’Connell et al., 1989). One factor influencing bovine grazing 
behavior is also exposure to daylight, and in particular at dawn and dusk animals at 
pasture, due to are more likely to be standing and grazing (Linnane et al., 2001). The 
objective of our work was, therefore, to compare the behavioral activities of two cow 
genotypes (Holstein-Friesian vs. Jersey crossbreed) when managed within two 
contrasting milk production systems (grazing vs. confinement) dividing the 
experimental calendar in three periods from more to less hours of sunshine per day. 
 Previous attempts to plot feed alley attendance patterns have been marred by 
visual observations and limited data points. Menzi and Chase (1994) used only 1 day of 
data and recorded at 15 minute intervals a subjective score for the number of cows at 
the feed alley. Tanida et al. (1984) also attempted to pattern the feeding behavior of 
free-stall housed-cows; however, they too only presented a single day of data and 
used 10 minute periods to summarize the number of animals feeding over the course 
of the day. In a more recent paper, Wagner-Storch and Palmer (2003) also based their 
feed alley attendance results on a limited number of observations (1 day per month 
with a scanning interval of 1 observation per hour) taken over 9 months. In the present 
study, the use of multiple days of data (six in total) contrasting two cow genotypes and 
two milk production systems provided a new research area for studying the behavioral 
activities of cows in response to different scenarios and give us the opportunity to 
know more about behavioral patterns of dairy cows managed in different conditions. 
 
IV.2.2.4.1.- Animal Response to Cow Genotype and Milk Production System  
 Considering data from the whole lactation of the two cow genotypes for the 
two milk production systems reported previously by Ferris and Vance (2010), the 
Holstein-Friesian cows produced more milk (p<0.001, +278 and +2 037 kg/cow/year) 
than the Jersey crossbreed cows did (5,778 and 7,430 kg/cow/year) in the low input 
pasture-based system and high input confinement system, respectively. These results 
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agree with results from this paper, taking only in consideration 6 weeks of the whole 
lactation. When the higher protein and fat content of the milk of the Jersey crossbred 
cows was taken into account, these volume differences were substantially reduced, 
with yields of protein and fat not being different between cow genotypes on the low 
input pasture-based grazing system. This supported the findings of Ferris and Vance 
(2010), that Jersey crossbred cows can compete well with Holstein-Friesian cows (in 
terms of production performance) within lower feeding costs of production. Within the 
total confinement system, the Holstein-Friesian cows had a protein and fat yield 
approximately 100 kg higher than the Jersey crossbred cows had. Although part of this 
difference could be explained by the Holstein-Friesian cows having a greater number 
of DIM compared to the Jersey crossbred cows (325 vs. 303), these findings pointed 
the potential of the Holstein-Friesian cows to continue to respond to higher 
concentrate feed levels than the Jersey crossbred cows in the confinement system.  
 Heins et al. (2006) conducted a study in which pure bred Holstein-Friesian cows 
were compared with crosses of the Montbelliard, Scandinavian and Normande breeds. 
The results of this work showed that the loss in milk production with the Scandinavian 
crosses cows especially was relatively small. These authors also reported that the 
Holstein-Friesian cows produced 9,757 kg milk and 651 kg protein and fat, while the 
Scandinavian crossbred cows produced 9,281 kg milk and 637 kg protein and fat. Thus, 
crossbreeding might have a role in high input systems, but careful selection of breeds 
would be necessary to ensure that a loss of milk production did not happen.  
 Results from Ferris and Vance (2010) second experiment showed that while the 
Jersey crossbred cows in this study were approximately 90 kg lighter than the Holstein-
Friesian cows at calving; both cow genotypes had similar condition scores at calving. 
During the experimental period of this behavioral trial, the differences on BW between 
cow genotypes were lower (57 kg for the pasture-based system and 59 kg for the 
confinement system feeding a TMR). Within the low input pasture-based grazing 
system the BW and BCS of both genotypes followed a similar pattern, with the delay in 
condition score gain until approximately week 35 of lactation reflecting the very 
difficult grazing conditions encountered during 2009. In the behavioural trial, cows 
were on average at lactation 26 with low BW and BCS in the grazing system compared 
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to the confinement system. However, on the high input system the Jersey crossbred 
cows began to gain condition quickly from approximately week 20 of lactation 
onwards, so that by week 35 of lactation the mean condition score of this group was 
almost 3.0, compared to a score of approximately 2.5 with the Holstein-Friesian cows.  
 Despite the favorable results obtained with Jersey crossbreed cows in terms of 
animal performance, Ferris and Vance (2010) highlighted that crossbreeding is not for 
everyone and on many dairy farms crossbreeding will not overcome problems of poor 
management. Nevertheless, a well managed crossbreeding program might result in 
robust dairy cows with fewer calving difficulties, fewer health problems, higher levels 
of fertility and improved longevity. While crossbreeding may have a detrimental 
impact on some economic aspects such as the value of male calves and cull cows, the 
positive financial impact associated with improvements in functional traits would have 
the potential to improve overall economic performance of the dairy business. 
 
IV.2.2.4.2.- Feeding Behaviour Response to Cow Genotype and Milk Production System  
 Group feeding of dairy cattle inevitably results in some degree of competition 
for feed in both milk production systems (grazing and confinement). Even with 
unlimited access to feed as at pasture, cattle interact in ways that might give some 
individuals an advantage over others in the group (Olofsson, 1999). When a 
competitive situation exists at the feed barrier, dominant cows typically spend more 
total time feeding than cows of lower social rank, resulting in greater total DM intake. 
Recently, Swedish researchers (Olofsson, 1999) evaluated the effect of increasing 
competition per TMR feeding station from one to four cows under conditions of 
unlimited feed. As competition per feeder increased, cows exhibited shorter average 
feeding times and accelerated eating rates as happened in both confinement groups of 
our study to satisfy cow needs. The correlation between dominance, competition for 
feed and performance is most pronounced in situations in which limited feeding space. 
In our case, six Calan gates limited free access to feed at any time by confined cows. 
Dado and Allen (1994) characterized this intense feeding behavior in higher producing, 
older cows that consumed more feed, ate larger meals more quickly, ruminated longer 
and more efficiently, and drank more water than lower producing, and typically 
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younger cows. Feeding is normally considered the predominant behavior in dairy cattle 
and rumination can take precedence only when it has been abnormally restricted as 
happened with our confined groups in which ruminating represented on average 244 
min. for both cow genotypes while feeding occurred during 174 min. during the 13 
hours of the experimental observation. Well-designed management systems 
accommodate normal feeding behavior to improve cow movement, comfort and well-
being (Grant and Albright, 2000). Likewise, proper animal grouping strategies within 
dairy herds reduce competition for food at the feed barrier and improve feed intake 
(Grant and Albright, 2000).  
 Feed barrier management that provided fresh feed over a 24 hours period, 
within reach of the cow, promoted numerous small meals throughout the day as 
happened in our trial with the confined groups. Some authors (Albright, 1993; Grant 
and Albright, 1995) suggested that accessibility of feed might be more important than 
the actual amount of nutrients provided. In relation to this, cow space, cow density, 
and distribution of feed, and watering facilities all influence total DM intake (Fraser, 
1995). Feed intake and milk production is generally improved when cows are allowed 
access to feed when they want to eat (Grant and Albright, 2001). Feed restriction can 
occur under a number of conditions. Aside from simply providing inadequate amounts 
of feed daily, other common, but less obvious, causes include long time spent in 
holding area, long time in exercise lot without access to feed and water, unstable, 
highly fermented silage, poor ventilation, excessive heat and humidity, slippery floors, 
inadequate or poorly maintained free stalls or comfort stalls, rough mangers, and 
overcrowding that results in inadequate passageway, stall, or bunk space. Irregular or 
infrequent feeding, and excessive walking to and from the milking parlor also appeared 
to have a substantial negative effect on cow behavior and well-being. In our 
experiment, confined cows spent 151 minutes more standing than did cows at pasture. 
 Although it is often suggested that crossbred cows, especially Jersey crossbred 
cows, are more efficient feeders than Holstein-Friesian cows, there is relatively little 
information to support this belief. To address this issue, the second study carried out 
by Ferris and Vance (2010) during the whole lactation of the four groups examined in 
this behavioral trial showed that within the confinement system the Holstein-Friesian 
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cows had a higher intake than the Jersey crossbred cows. However, when expressed 
on a metabolic BW basis, there were no differences between cow genotypes in terms 
of food intake. In addition, the two cow genotypes did not differ in terms of time spent 
feeding, number of feeding bouts/day or the average duration of each feeding bout. 
Measurements undertaken on grazing dairy cows highlighted also that total DM intake 
did not differ between genotypes, even though the Holstein-Friesian cows weighed 
approximately 70 kg more than the Jersey crossbred cows. While the smaller crossbred 
cows consumed less herbage per minute, due to their tendency to have lower intakes 
per bite, they grazed for longer each day, and as such had significantly more grazing 
bites/day than the Holstein-Friesian cows. In addition, although they had fewer grazing 
bouts/day, the mean duration of each grazing bout was longer. Thus, by modifying 
their grazing behaviour, these smaller cows were able to achieve similar PDMI as the 
much larger Holstein-Friesian cows. The findings of the work carried out by Ferris and 
Vance (2010) are essential to explain the results of the behavioral trial undertook. 
 Daily feed intake reflected the number of meals consumed daily, the length of 
each meal and the rate of eating. By altering the number of daily meals and the 
average meal size (length × rate of eating), the dairy cow can adjust daily DM intake 
(Grant and Albright, 2000). High-producing dairy cows allowed continuous access to 
TMR consumed 9 to 14 meals daily, whereas lower-producing cows consumed only 7 
to 9 meals per day (Heinrichs and Conrad, 1987). In our trial, all dairy cows 
(independently of cow genotype and milk production system) during the three 
experimental periods did on average 5 meals in the 13 hours of observation but the 
length of the bouts were different between milk production systems. On average, the 
length of the bout was higher when cows were fed at pasture (523 min., with 26.2 
times of 20 min.) than were confined (174 min, with 8.7 times of 20 min.) without 
differences between cow genotypes. Grant and Albright (2000) highlighted that the 
eating patterns of high-producing cows differ substantially from those of lower-
producing cows. Furthermore, the stage of lactation also influences on feeding 
behaviour. Coulon et al. (1987) found that during the first 5 weeks of lactation, dairy 
cows with the highest feeding and ruminating rates had the greatest total DM intake. 
The importance of feeding and ruminating time to the energy daily budget of the cow 
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becomes clear when it is recognized that between 10% and 30% of the metabolizable 
energy provided by the feed is used to support these two behavioral activities 
(Susenbeth et al., 1998). Rate of increase in total DM intake during early lactation is 
the primary determinant of energy intake and energy balance. Total DM intake 
increases by approximately 1.5 to 2.5 kg/week during the first 3 weeks of lactation 
(Bertics et al., 1992; Kertz et al., 1991). And generally, older dairy cows have a more 
rapid rate of increase in total DM intake during the first 5 weeks post-partum than 
primiparous cows (Kertz et al., 1991). Palatability, social interactions and learning 
behavior are other integral components of psychogenic modulation of total DM intake. 
 There was a dramatic increase in the number of animals present at the feed 
barrier in the both cow genotypes immediately following the morning delivery of fresh 
feed and milking in our trial. Similar observations in feeding activity of cows housed in 
free-stall barns following feeding and milking activities were reported by Tanida et al. 
(1984) and Wagner-Storch and Palmer (2003). Although Menzi and Chase (1994) noted 
that cows increased bunk usage after feed push-up, delivery of fresh feed and milking, 
they concluded that both feed push-ups and feeding tended to have minor and brief 
effects in comparison to milking, on feed barrier attendance. In contrast to that 
reported by Menzi and Chase (1994), the large peaks in our trial only corresponded to 
times of milking and delivery of fresh feed. The acts of milking and delivery of fresh 
feed do not occur simultaneously in all commercial situations; therefore, feeding 
patterns may be different in those situations (DeVries et al., 2003). This may also be 
true for those operations that feed at a different frequency than twice daily. However, 
there is insufficient research to indicate how feeding patterns change when feeding 
and milking times do not coincide or when feeding frequency is altered.  
 Stocking density at the feed barrier has a direct impact on feeding behavior in 
both cow genotypes, with lower feeding times corresponding to a higher stocking 
density (Huzzey et al., 2006) as happened in our trial with the confinement groups. 
This is due to increased aggression at the feed barrier (Grant and Albright, 2001; 
DeVries et al., 2004; Huzzey et al., 2006). In particular, low ranking cows are displaced 
more often from the feed rail at high stocking densities (Huzzey et al., 2006). DeVries 
et al. (2005) also found that by increasing the number of times feed was delivered low 
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ranking cows were not displaced as often, which indicates feed availability has an 
impact on feeding related aggressive behavior. Thus, in order to maximize voluntary 
DM intake, provision of both feed and space would be necessary for both genotypes.  
 DeVries et al. (2003) during each 60 seconds intervals within 24 hours (i.e.,        
1 440 observations) averaged across the 4 days of the baseline schedule reported that 
cows were present at the feed barrier nearly every minute of the day, but the highest 
percentage was during the daytime and the early evening (06.00 to 18.00 hours) and 
the lowest percentage during the late evening and early morning hours. These findings 
were similar to our results and also to the work reported by Tanida et al. (1984), who 
found that the majority of feeding activity of free-stall housed cows occurred during 
the day, with a correspondingly strong reduction in feeding activity during the night.   
 Our behavioral trial took place during middle to end of summer with sunrise 
and sunset occurring in the P1 at approximately 06.00 hours and 22.00 hours, 
respectively and in the P3 at 07.00 hours and 21.00 hours, respectively. Large 
variations in daily time budget of dairy cows were observed between the three periods 
of observation for lying, feeding/grazing and standing in the pasture-based grazing 
system. However, in the confinement system no influence of the number of hours of 
daylight appeared due to artificial light. It seems that grazing cows were lying and 
ruminating more during the P3 than in the P1 due to a decrease on grazing activity. 
Probably, this might be explained by a reduction in the number of hours of sunshine 
and more intensive grazing activity with a decrease in the length of the grazing bout.  
 
IV.2.2.4.3.- Other Behavioral Responses to Cow Genotype and Milk Production System   
 Taking into account the idea that is important that management milk 
production systems imposed on dairy cows do not prevent or discourage them from 
obtaining adequate rest and nutrition (Drissler et al., 2005; Fisher et al., 2003; Tucker 
et al., 2006), in our trial it was observed that animals spent on average 3, 9 and 1 hours 
lying, feeding and standing, respectively in the pasture-based grazing system while 6, 3 
and 4 hours lying, feeding and standing, respectively in the confinement system 
feeding a TMR. Ruminating represented 2 hours for the grazing system and 4 hours for 
the total confinement system. Our results were in line with those reported previously 
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by Grant and Albright (2000) for confined cows in a free-stall system with 10 hours per 
day of lying, 3 to 5 hours of feeding and 7 to 10 hours of ruminating instead of the fact 
that in our behavioral trial we have lower daily time observation (only 13 hours and no 
24 hours). Moreover, time spent lying is greatly influenced by the quality and quantity 
of bedding material. Tucker and Weary (2004) and Manninen et al. (2002l reported 
that lying times is increased with the amount of bedding provided and softer bedding 
corresponds to longer lying times (O’Connell and Meaney, 1997). In our experiment, 
confined cows lied for a long time due to high quality of bedding provided. Indeed 
preference tests showed that cows were able to discern between the qualities of 
various types of bedding (Tucker et al., 2003) and cubicles that had a more uneven 
lying surface were used for fewer minutes per day than those with a level surface 
(Drissler et al., 2005). Environmental conditions can also affect lying time. Cows lied 
less when restricted to a muddy substrate was provided than a dry surface (Fisher et 
al., 2003; Muller et al., 1996). Furthermore, cows that were exposed to wet and windy 
conditions spend more time in postures that reduce their surface area e.g. tucking 
their legs under while lying and standing with head lowered (Tucker et al., 2007). In 
that experiment, animals in a group that was exposed to near constant rain and wind 
simulation spent as little as 4 hours per day lying, which is well below the normal range 
of 10-14 hours (Singh et al., 1993; Fregonesi and Leaver, 2002). In our trial, the low 
rate of lying time at pasture might be explained by the fact that during daily time cows 
preferred to graze in order to satisfy their energy requirements of food. Kiernan (2004) 
also noted reduced lying behavior in animals housed during periods of high wind and 
rainfall, indicating that shelter from weather might be too important. Inhibition of lying 
behavior in wet conditions could further exacerbate the problem of hooves being 
exposed to moisture. Thus, behavioral modifications might impact negatively on other 
aspects of the animals’ welfare. Higher ambient temperatures were also associated 
with reduced lying behavior (Overton et al., 2003) for both milk production systems. 
 Synchrony of behavior can also be affected by confinement conditions. 
Fregonesi and Leaver (2002) found that dairy cows in a straw yard system had more 
synchronized behavior, and longer lying times, than dairy cows in a cubicle system. 
They concluded that the size and cow to cubicle ratio had an impact on dairy cow 
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welfare due to the impact they had on lying times and synchrony. Indeed indices, such 
as the proportion of eligible cows lying (ECL), and the cow comfort index (CCI) can be 
used as indicators of dairy cow comfort and synchrony of lying behavior. The ECL is 
calculated by dividing the number of cows lying down by the total number of cows not 
feeding. The CCI is calculated by dividing the number of cows lying by the total number 
touching the lying area. Although these measures were not made in our trial, using 
both indices we could get an idea of the acceptability of the lying surface to the dairy 
cow. Cook et al. (2005) highlighted that is important that these indices were used at 
appropriate times of the day in order to provide information about inadequate 
facilities. Nevertheless, Cook et al. (2005) also found that when recorded two hours 
prior to milking in a cubicle housed herd, a stall standing index could provide 
information on whether a more thorough investigation into cow lameness is required.  
 Due to synchronization of behavior is necessary for group members to remain 
in contact during group movement, especially during grazing. A comparison of groups 
indoors and outdoors realized by Miller and Wood-Gush (1991) indicated, as it was 
reported in this paper, a much greater degree of synchrony in the cows outdoors. In 
terms of time spent in different activities, while indoors over the period from 9.00 to 
18.30 hours the herd observed as a whole spent on average proportionately 59% of 
their daily time lying, 17% feeding and 24% involved in other behavioral activities such 
as standing, resting, interacting with others and drinking. When outdoors over the 
same period the herd spent 27% of their daily time lying, 34% grazing and 39% 
involved in other behavioral activities. The percentages presented by Miller and Wood-
Gush (1991) were in line with our results for the confinement group, but different for 
the pasture-based grazing system in which more cows were observed grazing at any 
time and less cows were lying. It has been shown to occur in cattle under extensive 
grazing conditions (Arnold and Dudzinsky, 1978; Benham, 1982), but it is also possible 
that synchrony between animals might break down in housed dairy cattle in which 
increased competition for resources could lead to the animals feeding and lying at 
different times to avoid excessive aggression. This was observed in our trial with the 
confined groups due to limitation access to feed by six Calan gates, higher competition 
by food made than feeding and lying behaviour of cows happen to different times, in 
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comparison to cows at pasture which behavior as a group during the three 
experimental periods. O´Connell et al. (1989) reported that cows did not behavior as a 
group showed less synchronization of behavior in housed cattle than at grazing.  
 The observations on the cows at pasture indicated that there was a high degree 
of synchrony between members of the groups in both cow genotypes, as reported by 
O´Connell et al. (1989). However, this was lost when the cows were housed by the 
limitation access to food, only at 9.00 hours it was found higher synchrony between 
animals when the percentage of cows feeding fell to 0% and lying increased to 92% 
due to there were more cubicles available than there were cows. A loss of synchrony in 
the behavioral activities of the confined cows might be due to the frustration of 
allelomimetic behaviors and, therefore, an index of reduced welfare, which in this case 
it is suggested, would have been due to insufficient Calan gates for feeding at any time. 
A comparison of the time budgets between the data from the confinement system 
feeding a TMR and the pasture-based grazing system showed a decrease in feeding       
(̶ 349 min.) and an increase in lying (+198) in the confined cows. The relative ease with 
which food could be obtained and ingested indoors would obviously lead to the 
decrease in feeding time. Increased lying could be due to a number of factors: spare 
time, which in terms of evolution is a new phenomenon in our domesticated animals 
and not without welfare implications (Hughes and Duncan, 1989); the nature of the 
flooring (an obvious factor which would lead to more lying indoors); the physiological 
burden of early lactation which might lead to more lying than later in lactation.  
 Grant and Albright (2001) concluded that the optimal size of a group of cows on 
any dairy farm, from a behavioral perspective, will be a function of: 1) competition for 
space in the feed barrier, lot or pasture; 2) competition for feed and water; 3) 
availability of comfortable, usable free stalls; 4) space in holding areas before and after 
milking; 5) time spent in holding area and away from stalls, feed, water and shade. 
With insufficient space, either from design or overcrowding a group, normal 
movement of dairy cows in the feed barrier behind the feed manger disrupted feeding 
activity, precipitated fights and interfered with intense, focused feeding activity. 
Importantly, overcrowded cows preferred lying in free stalls over feeding after exiting 
the parlor. These overcrowded cows also spent more time standing in the alley waiting 
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to lie down than they did feeding. This might have also happened in our confinement 
groups because limitations in access to food would make cows lying and standing more 
than feeding. The percentage of cows ruminating in the overcrowded groups averaged 
28% (with a high of 32%), whereas cows that were not overcrowded averaged 37% 
(with a high of 55%). In our case, on average the percentage of cows ruminating at any 
time was of 28% in the confinement system while in the grazing system was of 15%.  
 
IV.2.2.5.- Conclusions  
 The current study highlighted that within the range of milk production systems 
examined (low input pasture-based grazing system and high input confinement 
feeding a TMR), Jersey crossbred cows can compare favorably with Holstein-Friesian 
cows in terms of animal performance. In addition, Jersey crossbreed cows appeared to 
have a higher grazing drive evidenced by their increased grazing time and fewer 
grazing bouts. Although intakes were higher with the Holstein-Friesian cows on the 
confinement system, none of the behavioral parameters measured were affected by 
cow genotype. Time spent lying, standing and ruminating were higher in the 
confinement system than in the grazing system. Cows on the low input system spent 
more time grazing, than those on the high input system spent feeding. The greatest 
percentage of cows feeding at any time was observed after the delivery of fresh forage 
(grass or silage) and the return from milking in both cow genotypes and in both milk 
production systems. Higher synchrony of behavioral activities in both cow genotypes 
was found when animals were at pasture than confined. Dairy cattle, however, 
consumed feed efficiently whether were grazing grass or confined feeding a TMR due 
to dairy cows, independently of genotype, adapted their daily time budget to the milk 
production selected in order to satisfy their requirements across the lactation. 
Nevertheless, grouping strategy impacted the cow’s ability to express aggressive 
feeding behavior at the feed barrier in the confinement system due to limitation 
access to food at any time, with less Calan gates available than animals to feed, while 
at pasture less competition for food was found between cows because of free access 
to fresh grass allocated daily. Within a group of cattle, social hierarchy, competition for 
feed, water, space, and feed availability will also determine feeding behavior and total 
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DM intake of cows. Feed accessibility to every cow within the group when she desires 
to eat may be the most important factor influencing the attainment of maximum total 
DM intake, productivity and well-being of cows at pasture or confined whatever the 
cow genotype selected and across the whole lactation in order to cover cattle needs.  
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RESUMEN CAPÍTULO IV.2.2. 
COMPORTAMIENTO ANIMAL DE DOS GENOTIPOS DE VACAS (HOLSTEIN-FRIESIAN       
VS. JERSEY MESTIZAS) EN DOS SISTEMAS DE PRODUCCIÓN DE LECHE                  
(PASTOREO VS. ESTABLO) 
 En Europa existen diferentes sistemas de producción de leche, que van desde 
bajos a altos insumos. El objetivo de este estudio fue comparar el impacto de estos dos 
diferentes modelos productivos sobre los patrones de comportamiento animal de dos 
razas de vacas, Holstein-Friesian (HF) y Jersey x Holstein-Friesian mestizas (Jx), cuando 
son manejadas bajo dos sistemas diferentes de producción de leche, pastoreo (G) de 
hierba o estabulación (C) con ensilado. Ochenta vacas de partos de primavera (HF, 
n=40 y Jx, n=40) fueron asignadas al azar a uno de dos sistemas de producción de leche 
(G, n=40 y C, n=40) utilizando un diseño factorial 2x2 en bloques con los tratamientos 
(HF-G, HF-C, Jx-G and Jx-C). Se registraron las actividades de comportamiento de las 
vacas (comer/pastar, tumbarse, estar de pie y rumiar) en tres períodos de tiempo a 
intervalos de 20 minutos, entre 16.00–22.00 h y 07.00–14.00 h. Las producciones de 
leche fueron iguales (14,8 kg/vaca/día) para los rebaños en pastoreo (HF-G y Jx-G), 
pero diferentes (HF-C, 28,0 y Jx-C, 23,3) para los estabulados. El sistema ejerció un 
efecto sobre el comportamiento de las vacas. Los animales en pastoreo pasaron más 
tiempo (p<0,001) pastando (522 min.) que los animales estabulados dedicaron a comer 
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(173 min.). Las vacas en establo estuvieron más tiempo (p<0,001) tumbadas (411 vs. 
212 min.), de pie (236 vs. 85 min.) y rumiando (244 vs. 141 min.) que las vacas en 
pastoreo. Se observaron diferencias entre períodos en el tiempo que las vacas pasaron 
tumbadas (p<0,001), comiendo/pastando (p<0,05) y rumiando (p<0,001), mientras que 
el tiempo que dedicaron a estar de pie no mostró diferencias. La raza no mostró efecto 
alguno sobre el comportamiento de las vacas.  
Palabras clave adicionales: bajos y altos insumos, comportamiento en pastoreo, cruce 
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EFFECT OF FORAGE SOURCE (GRAZING vs. SILAGE) ON CONJUGATED LINOLEIC ACID 
SEASONAL VARIATION IN MILK FAT OF HOLSTEIN-FRIESIAN DAIRY COWS                                
FROM GALICIA (NW SPAIN) 
 
Short title: Effect of forage source on conjugated linoleic acid seasonal variation in milk 
fat of dairy cows 
 Abstract. Milk from grazing dairy cows have higher content of polyunsaturated 
(PUFA), especially more conjugated linoleic acid (CLA), and lower content of saturated 
fatty acids (SFA) than milk from silage-fed cows. The aim of this study was to 
investigate the effect of different proportions of forage, grass and silage, on milk FA 
profile of cows and seasonal variations in CLA. Sixty-one autumn calving Holstein-
Friesian cows, from CIAM (Galicia, NW Spain), were randomly assigned to one of three 
treatments (S, 100% silage; G/S, 50% grazing + 50% silage; G, 100% grazing). Milk FA 
profile was determined by gas chromatography-mass spectrometry. The G herd 
showed a decrease in short (p<0.05) and medium chain (p<0.001) (SCFA, 10.15 and 
MCFA, 40.75 g/100 g of fatty acids methyl esters, FAME, respectively) and an increase 
in long chain FA (p<0.001) (LCFA, 38.50 g/100 g of FAME). The highest (p<0.001) 
contents of monounsaturated and polyunsaturated FA (MUFA, 23.70 and PUFA, 3.75 
g/100 g of FAME, respectively) were observed in G. The CLA content increased 
(p<0.001) with grazing proportion from 0.49, 0.82 to 1.14 g/100 g of FAME for 
treatments S, G/S and G, respectively. In summer, the levels of CLA (g/100 g of FAME) 
were three times higher in milk from cows 100% grazing (p<0.001, + 0.76) than feeding 
100% silage (0.47), while the G/S herd had twice higher levels of CLA (p<0.001, +0.40) 
than the herd feeding 100% silage. High proportion of grazing in cow diets increases 
the added value of milk with higher levels of CLA. 
Additional key words: conjugated linoleic acid; cottonseed; dairy cattle; forage 
proportion; grass feeding value; milk fat chemical composition; seasonal fluctuations.  
Abbreviations used. ADF (acid detergent fibre), BCS (body condition score), BSTFA (bis 
trimethylsilyl trifluoroacetamide), BW (body weight), CLA (conjugated linoleic acid), CP 
(crude protein), DAG (di-acylglycerol), DHA (daily herbage allowance), DM (dry matter), 
FA (fatty acids), FAME (fatty acids methyl esters), GC-MS (gas chromatography–mass 
spectrometry), HM (herbage mass), IVODM (digestibility in vitro of organic matter), 
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LCFA (long chain fatty acids), LSM (least square means), MAG (mono-acylglycerol), 
MCFA (medium chain fatty acids), MUFA (monounsaturated fatty acids), MY (milk 
yield), NDF (neutral detergent fibre), OM (organic matter), PDMI (pasture dry matter 
intake), PAR (photosynthetic active radiation), PTV (programmable temperature 
vaporizer), PUFA (polyunsaturated fatty acids), RA (rumenic acid), SCFA (short chain 
fatty acids), SEM (standard error of the mean), SFA (saturated fatty acids), SPE (solid 
phase extraction), stocking rate (SR), TMCS (trimethyl chlorosilane), TVA (trans-
vaccenic acid), UFA (unsaturated fatty acids). 
IV.3.1.1.- Introduction 
 Conjugated linoleic acid (CLA) is a mixture of positional and geometric isomers 
of linoleic acid (cis-9, cis-12 C18:2, LA) with two conjugated unsaturated double bonds 
at various carbon positions (Khanal and Olson, 2004). It is formed as an intermediate 
during the biohydrogenation of LA to stearic acid by Butyrivibrio fibrisolvens (Kepler et 
al., 1966) and other rumen bacteria (Kritchevsky, 2000) or from the endogenous 
conversion of transvaccenic acid (trans-11 C18:1) by ∆9-desaturase in the mammary 
gland (Griinari and Bauman, 1999). The predominant CLA isomer in ruminant fats is 
C18:2 cis-9, trans-11 (rumenic acid); the majority (up to 95%) of milk CLA is derived by 
de novo synthesis in the mammary glands (Griinari et al., 2000) arising from ruminal 
biohydrogenation of transvaccenic acid (TVA) (Palmquist et al., 2005).  
 The rumenic acid (RA) is particularly rich in ruminant milk from grazing 
ruminants or those fed certain high fat diets (Khanal and Olson, 2004). The CLA 
content in milk fat has received considerable interest during the past decade, because 
it has been shown to promote various beneficial health-related effects in experimental 
animals including anti-carcinogenic and anti-atherogenic, antidiabetic and 
antiadipogenic effects (Ip et al., 1994; Pariza, 1999; Banni et al., 2003; Belury, 2003; 
Kritchevsky, 2003). Also, effects on body composition and fat metabolism have been 
reported by Benjamin and Spener (2009). Nevertheless, clinical evidences for health 
benefits in humans are very few (Palmquist, 2010). If these positive effects for health 
in animals are found to occur in humans, increases in the concentration of CLA would 
increase the nutritive and therapeutic value of milk and dairy products. 
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 The benefits of grazing grass compared to silage feeding in relation to milk fatty 
acids (FA) profile and RA content were reported by Chilliard et al. (2001). Offer (2002) 
and Elgersma et al. (2003) found that beneficial FA including RA were higher in milk fat 
from grazing animals compared to those fed grass silage rations. Furthermore, they 
observed that zero-grazed dairy cows were significantly lower than grazed grass cows 
in milk RA production. A similar study led by Leiber et al. (2005) wherein the influence 
of altitude was also investigated among pasture (grazing), barn (zero-grazing) and 
silage fed dairy cows reported that milk RA concentrations were significantly higher in 
pasture compared to barn fed cows. Because of these interesting findings it is worth 
investigating the possible mechanisms underpinning the differences in milk RA 
between cows grazing, zero-grazing or fed grass silage (Mohammed et al., 2009).  
 Several researches have also shown an increased CLA content in milk fat from 
ruminants by grazing different proportions of grass in the diet (Dhiman et al., 1999b; 
Loor et al., 2002; Khanal et al., 2003a; Kay et al., 2004) and supplementing total mixed 
ration (TMR) containing 50% forage and 50% concentrate with plant oils or oilseeds 
(Lock and Garnsworthy, 2002; Madron et al., 2002; Khanal et al., 2003a). Therefore, 
manipulation of animal diet has been the focus of research in last times for increasing 
the CLA content of foods from ruminants (Jiang et al., 1996; Jahries et al., 1997; 
Lawless et al., 1998; Dhiman et al., 2000) and it will continue to be the mainstay of 
animal nutrition research intended for enhancing CLA content in milk fat (Kay et al., 
2004; Khanal et al., 2003b). Manipulation of animal diet primarily involves supplying 
linoleic or linolenic acids as substrates for rumen biohydrogenation. Depending on the 
type, plant oils or oilseeds contain linoleic or linolenic acids as the major FA, whereas 
pasture predominate linolenic acid. During the process, CLA or its precursor TVA 
escapes further biohydrogenation. The TVA is, then, endogenously converted to CLA in 
the mammary gland (Griinari and Bauman, 1999) and probably in the adipocytes (Gillis 
et al., 2003) using ∆9-desaturase. Dietary effects are related probably more to the FA 
profile of the material used than anything else. For that, the importance of studying 
different forage diets and types of concentrates.  
 Supplementation of dairy cows grazing on pasture with feeds rich in linoleic 
acid as cottonseed provides an extra source of substrates for CLA and TVA in addition 
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to linolenic acid provided through pasture. Khanal et al. (2002) when supplemented 
cows grazing lush green pasture with full fat extruded soybeans or soy oil did not 
observe significant increase in CLA contents of milk. Similarly, Kay et al. (2002) 
drenched cows grazing on pastures with 500 ml of sunflower oil for four days and 
found no difference in milk fat CLA contents compared with pasture only cows. 
However, Kay et al. (2002) later showed that milk fat CLA content of cows grazing on 
pastures could be increased with supplementation of fish oil or fish oil plus sunflower 
oil, but not with sunflower oil alone. These results suggested that not an extra supply 
of the substrates of linoleic or linolenic acid but the feed sources that inhibit further 
hydrogenation of TVA to stearic acid would enhance milk fat CLA content.  
 There are five major FA in grasses, but approximately 95% consist of C18:3, 
C18:2 and C16:0 (Hawke, 1973). Precht and Molkentin (2000) reported that the lipid 
content of pasture grasses tends to be high in α-linolenic (50%) and linoleic (25%) acid. 
Analysis of fresh perennial ryegrass (Lolium perenne L.) showed that 98% of extracted 
fat is esterified, with 2% being in the free FA form, but when ensiled, esterified fat 
drops to 51% with the remaining 49% being comprised of free FA (Elgersma et al., 
2003). Bauchart et al. (1984) established that the lipid fraction in leaves of herbs and 
grasses ranges from 30 to 100 g/kg DM, much of which is contributed by lipids in the 
chloroplasts. Sources of variation in lipid concentration at plant level are grass species, 
growth stage and genetic differences (Elgersma et al., 2003a, c). Levels of α-linolenic 
acid also vary with environmental factors such as temperature, season (Heck et al., 
2009) and light intensity (Dewhurst and King, 1998). 
 
 Seasonal effects in milk FA profile have been shown to cause a shift in the 
amount of CLA content. Thorsdottir et al. (2004) found that milk collected from Nordic 
countries, which large seasonal variation, contained significantly greater amounts of 
CLA in summer months than in winter. Similar results were obtained by Heck et al. 
(2009) in a week-to-week basis from data collected in The Netherlands, with the 
highest levels attributed to the time animals spend consuming fresh grass in the 
summer as opposed to dried or ensiled forage during the winter. This trend was also 
observed by Precht and Molkentin (2000) when comparing fat contents in relation to 
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seasonal housing/feeding regimes and they concluded that higher proportions of CLA 
were higher when dairy cattle were grazing pasture.  
 Because it is now well established that the CLA and n-3 PUFA content in milk fat 
is increased under pasture-based milk production systems when compared with TMR 
based systems, understanding how to further increase these beneficial FA in milk from 
grazing dairy cows is an important objective of grassland research. Therefore, the 
objective of our study was to investigate the effect of different forage proportions 
(grazing grass and silage), based on both the quality and quantity of herbage offered, 
on milk FA profile of Holstein-Friesian dairy cows. With this background, an experiment 
was carried out at Centro de Investigaciones Agrarias de Mabegondo (CIAM) 
comparing three forage diets with: (S) 100% silage, (G/S) 50% grazing + 50% silage and 
(G) 100% grazing in order to investigate the effect of different proportions of grazing 
on milk FA profile and the seasonal variation on the content of CLA in milk fat. 
 
IV.3.1.2.- Materials and Methods 
The experiment was conducted at CIAM in Galicia, Spain (43o15’N; 81o18’W) 
near the coast, from April 3 to August 20 in 2008. The soil type was a free draining, 
acid brown earth with a silt-loam texture and acid pH (5.5). The swards had been 
initially sown with a mixture of 22 kg/ha of perennial ryegrass (Lolium perenne cv. 
Brigantia) and 4 kg/ha of white clover (Trifolium repens cv. Huia). On average, the 
swards were six years old and they contained about 80% sown species (mostly Lolium 
perenne L.) at the start of the study.  
 
IV.3.1.2.1.- Weather Climatic Conditions 
 Mean daily temperature during the experimental period in 2008 was 15.8oC, 
similar to the last 10-years average (1998-2008) (16.1oC). April temperature was 
11.8oC, while from May to August was 16.8oC compared to 17.2oC in the 10-years 
average. Total rainfall during the trial was 334 mm, 67 mm higher than in the 10-years 
average. Total monthly rainfall in April (122 mm, +45%), May (111 mm, +39%) and 
August (60 mm, +50%) was higher in 2008 than in the 10-years average. However, total 
monthly rainfall in June (16 mm,  ̶ 50%) and July (26 mm,  ̶ 46%) was lower than the 10-
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years average. High photosynthetic active radiation (PAR) (MJ/m2xday) was recorded 
from June to August in 2008 (10.0) in line with the last 10-years average (9.7).  
 
IV.3.1.2.2.- Experimental Design, Treatments and Feeding Regimes 
 The experiment investigated the effect of offering three diets with different 
proportions forage, grazing and silage, on the milk FA profile seasonal production in 
dairy cows. Three herds of Holstein-Friesian cows were randomly assigned to one of 
three forage treatments: S (100% silage, n=11), G/S (50% grazing + 50% silage, n=27) 
and G (100% grazing, n=23) supplemented with concentrate containing cottonseed 
(6.3 kg DM/cow/day). The nutrient composition of the forage and concentrate 
ingredients of the ration fed by the three herds of dairy cows during spring-summer is 
presented in Table IV.3.1.2.2. The cottonseed concentrate was composed of corn flour 
(31.0%), soybean hulls (34.0%), soybean meal (20.0%), barley flour (0%), cottonseed 
(12.0%) amender (1.0%), calcium carbonate (1.0%) and dicalcium phosphate (1.0%). 
 
Table IV.3.1.2.2. Chemical composition of the diets (grazing, silage and concentrate). 
  Grazing  Silage  Concentrate 
  Grass  Grass   Maize   Cottonseed 
Dry matter (%)  17.95  28.09  36.80  90.40 
Organic matter (g/kg DM)  915  897  972  570 
Crude protein (g/kg DM)  126  100  65  168 
Acid detergent fibre (g/kg DM)  287  364  205  307 
Neutral detergent fibre (g/kg DM)  532  529  419  418 
Digestibility in vitro (g/kg DM)  779  623  717  795 
Net energy lactation (Mcal/kg)  1.34  1.00  1.46  1.59 
 
 The silage feeding herds, S and G/S, had a total mixed grass:maize (50:50) silage 
ration (TMR) supplemented with cottonseed. The experimental grazing area was 5.5 ha 
for the G/S treatment and 4.1 ha for the G treatment with an average stocking rate 
(SR) of 4.91 and 5.61 cows/ha for the G/S and G treatments, respectively. Dry matter 
(DM) content of grass, silage and concentrate samples were determined weekly to 
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adjust dietary allocation of grass and silage to maintain consistent forage to 
concentrate ratio (70:30) for the three diets used to feed the cows during five months. 
 
IV.3.1.2.3.- Animals and Forage Herds 
Sixty-one autumn calving Holstein-Friesian dairy cows, primiparous (n=21) and 
multiparous (n=40), from the experimental herd at the CIAM, were balanced on calving 
date (November 29 ± 53.9 days), lactation number (2.3 ± 1.2), pre-experimental milk 
yield (MY) (28.0 ± 6.43 kg/cow/day), milk fat content (3.68 ± 0.50 g DM/kg), milk 
protein content (3.22 ± 0.25 g DM/kg), body weight (BW) (565 ± 69.7 kg) and body 
condition score (BCS) (2.61 ± 0.69). Animals were then blocked into three forage herds 
(S, G/S and G, respectively) and each herd was randomly assigned to one of the three 
forage diets (100% silage, 50% grazing + 50% silage and 100% grazing, respectively). 
Cows were on average 119 days in milk (DIM) when the experiment trial commenced.  
 
IV.3.1.2.4.- Grazing Management 
Grazing and conserved areas for silage (grass and maize) were defined before 
the start of the experiment. The cows in the G and G/S grazing treatments were 
offered a similar daily herbage allowance (DHA) (20-25 kg DM/cow/day) for all 
rotations while the cows in the S treatment were fed indoors with silage during all 
lactation. Grazing management of cattle was flexible, the two herds of Holstein-
Friesian cows entered into paddocks when herbage reached 15-20 cm and left when 
the residual sward height was around 4 cm, assessed by a rising plate meter (Frame, 
1981) from spring to summer months when grass supply was restricted by drought on 
20 August. The grass silage area was grazed once at the start of the season and shut up 
for silage before 1 March. Cows in the G/S treatment grazed rotationally after 
receiving indoors a fixed rate of 20 kg/cow/day of grass:maize silage, with 33% of DM, 
to have half of the DM estimated as the daily needs.  
 Grass silage areas (50%) had a first cut in early May and a 35% had a second cut 
at mid-June, without additives, and then were integrated into the grazing cycle in 
autumn, given always priority to grazing to maintain a steady grazing pressure and high 
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quality in the swards, according to previous management schemes (Mosquera-Losada 
and González-Rodríguez, 1998). In summer all the cows were fed with silage ad libitum 
and concentrate until the end of the drought period when animals start the autumn 
grazing, integrating all the silage area, until the end of the year when grass growth was 
limited by cold temperatures and dairy cows were housed. Swards were not irrigated. 
 Annual basic fertilizer of 84 kg/ha of P2O5 and K2O was applied to all area in 
February. Nitrogen fertilizer, 135 kg/ha, was applied three split in February, and after 
first and second grazing in March and April. The grass silage area had 120 kg N/ha (80 
kg DM/ha in early March and 40 kg N/ha after the first cut). Maize silage area received 
600 kg/ha of 8-15-15 (N, P2O5 and K2O) at establishment.  
 
IV.3.1.2.5.- Sward Measurements and Chemical Composition 
 Five random samples (0.33 m x 0.33 m) were taken before and after grazing per 
paddock, cutting to 4 cm above ground level with battery-operated shears. Samples 
were dried at 70oC for 24 h and weighed to determine herbage mass (HM) per hectare. 
Approximately, 0.5 kg of these mixed sward samples were milled, vacuum packed and 
stored at -20oC until later chemical composition analysis made at CIAM using infrared 
reflectance spectroscopy by NIRS System 6500 (Foss Analytical, Hillerød, Denmark). 
Sward samples were then analyzed for determination of organic matter (OM), crude 
protein (CP), acid detergent fibre (ADF), neutral detergent fibre (NDF), water soluble 
carbohydrates (WSC) and digestibility in vitro of organic matter (IVODM) using the 
equations of calibration described by Castro-García (1994). 
 Five pre- and post-grazing sward heights were also determined in the sampling 
area using a rising plate meter (Frame, 1981). Fresh herbage (>4.0 cm) was allocated to 
each individual dairy herd on a daily basis after the morning milking using temporary 
pre- and back fencing, with no access to the grazing area in the previous days. Pastures 
were not topped at all during the experimental period.  
 The grass and maize silage productions were determined from the weight of 
whole trailer loads from the silage areas. The DM content was estimated from two 
samples taken fortnightly from each silage type, and a subsample of the dried silage 
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was taken for laboratory analyses to determine the CP content by the method of 
Castro-García et al. (1990) and the ADF according to Goering and Van Soest (1970). In 
vitro digestibility was determined as Alexander and McGrown (1966) reported. 
IV.3.1.2.6.- Pasture, Silage and Concentrate Dry Matter Intake 
 Estimates of HM before and after grazing were used in order to calculate the 
following variables (Freer, 1960; Campbell, 1966; Hodgson, 1979): 
Herbage Mass (HM). Expressed as kg DM/ha using the equation: 
  (Ai) + ni*[(Ai-Di-1/ri)] 
Daily Herbage Allowance (DHA). Expressed as kg DM/cow/day using the equation: 
 HM/(cow*day) 
Pasture Dry Matter Intake (PDMI). Expressed as kg DM/cow/day using the equation: 
 [(Ai-Di) + ni*[(Ai-Di-1/ri-1)]/(cow*day) 
Herbage Utilization. Expressed as % using the equation: 
 (PDMI/DHA)*100 
where Ai= kg DM/ha before grazing; Di= kg DM/ha after the grazing; Di-1= kg DM/ha at 
the last grazing; ni= number of grazing days and ri= number of days between Di-1 and Ai. 
 
 The second term in HM and PDMI estimations ni*[(Ai-Di-1/ri)] is a correction 
factor. No direct measure of grass growth was made during grazing but the pasture 
growth during the previous days’ rest period was known and the mean estimate for 
each paddock for each rotation was applied as a correction factor. It was assumed that 
the difference between the mean growth rate of a sward during the rest period after 
defoliation and the mean growth rate during grazing (less than 2.5 days) would not be 
large enough to invalidate the estimate of intake, HM and DHA (Freer, 1960). 
 
 The grass and maize silage consumed were produced in the previous year. The 
silage and concentrate DM intakes were estimated daily from the difference between 
the amount offered and the residue in each pen and summing these values during the 
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experimental period for each treatment. Silage DM losses during the making process 
were estimated from other studies, namely 20% for grass (González-Rodríguez et al., 
1989) and 12% for maize silage (Phipps and Wilkinson, 1985).  
 
IV.3.1.2.7.- Animal Measurements, Sampling and Milk Analysis  
 Body Weight and Body Condition Score. Individual parameters of each animal 
as body weight (BW) and body condition score (BCS) were recorded twice a month 
during the experiment. The BCS was scored by one experienced observer on a 1 to 5 
scale (1= severe undercondition and 5= severe overcondition) with 0.25 increments 
following the method described by Wildman et al. (1982).  
 Milk Yield and Composition. Individual milk yields (MY) (kg/cow/day) were 
recorded at 08.00 h and 18.00 h daily milkings by Alprow System (Alfa DeLaval, 
France). Weekly milk protein, fat and urea content were determined at each cow from 
two milk samples collected in two successive evening (Tuesday) and morning 
(Wednesday) milkings. Samples, preserved with potassium dichromate, were then 
pooled together and stored at –20°C until later analysis by the Laboratorio 
Interprofesional Gallego de Análisis de Leche (LIGAL) using infrared spectroscopy by 
MilkoScan FT6000 (Foss Electric, Hillerød, Denmark). 
 Milk Fatty Acids Profile. Weekly a 500 ml milk sample was collected from the 
same five dairy cows per treatment and stored at –20°C until later analysis for 
determination of milk FA profile in the Laboratorio Agrario y Fitopatológico de Galicia 
(LAFIGA) by gas chromatography–mass spectrometry using Agilent Technologies Model 
6890N Network GC System following the extraction method described below. The total 
amount of saturated fatty acids (SFA) in milk fat was the sum of C4:0 to C18:0. Short 
(SCFA, C4:0 to C10:0), medium (MCFA, C12:0 to C16:0) and long chain fatty acids (LCFA, 
C18:0 to C18:3) were also determined in milk fat and the ratio between saturated 
(SFA) and unsaturated fatty acids (UFA) was calculated. Furthermore, the proportions 
of monounsaturated (MUFA, C18:1) and polyunsaturated fatty acids (PUFA, C18:2 to 
C18:3) were determined. Data reported in this paper are presented as least squares 
means ± standard error of the mean. 
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IV.3.1.2.8.- Extraction of Milk Lipids 
 The lipids were extracted from milk using a modification of the Bligh and Dyer 
(1959) method and following the considerations reported by Fagan et al. (2004). Each 
dairy cow milk sample (10 g) was mixed (Vortex, 2 min.) with methanol (10 ml) and 
dichloromethane (5 ml) in a polyethylene centrifuge tube (50 ml, BioCorp Aust., 
Huntingdale, Victoria, Australia). Dichloromethane (5 ml) and NaCl (0.1 g) was added 
and mixed (Vortex, 30 s). The mixture was centrifuged (1780 x g, 20 min, 0oC) to 
partition into two distinct solvent layers separated by a white gelatinous layer. The 
bottom layer (dichloromethane) was collected. A dichloromethane wash (5 ml) was 
added to the gelatinous layer, mixed (Vortex, 1 min.) and centrifuged (1780 x g, 10 
min., 0oC). Dichloromethane wash was combined with the original extract. The lipid 
samples were then stored in amber-colored glass vials with screw-top lids fitted with 
PTFE/silicone inserts at −20oC until later analyzed. 
 
IV.3.1.2.9.- Pre-concentration of Milk Lipids by Solid Phase Extraction 
 The lipid sample (approximately 4.0 mg dissolved in 0.5 ml dichloromethane) 
was spiked with appropriate amounts of 1-monotridecanoyl-rac-glycerol (MAG) and 1, 
2(3)-didecanoyl-rac-glycerol (DAG) internal standards. The mixture was separated on a 
Mega BE-Si (silica) or a Mega BE-2OH (diol) (1 g stationary phase) solid phase 
extraction (SPE) cartridge (Varian Inc., Harbour City, CA, USA) conditioned with 
dichloromethane (15 ml). Elution with dichloromethane (25 ml) extracted the 
triacylglycerols (TAG), while elution with a mixture of dichloromethane/t-
butylmethylether (1:1 (v/v), 5.0 ml) eluted the DAG. Further elution with 
dichloromethane/methanol (2:1 (v/v), 7.0 ml) furnished the MAG.  
 
IV.3.1.2.10.- Derivatisation 
 The MAG and DAG were silylatedoo prior to GC using the procedure described 
below. The solvents for the MAG or DAG standards or each fraction separated by SPE 
from the milk lipids were removed under a stream of N2 gas. The lipids (7–30 mg) were 
dissolved in pyridine (200 ml) by vortex mixing for 30 s, followed by addition of two 
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compounds, bis (trimethylsilyl) trifluoroacetamide (BSTFA) (200 ml) and trimethyl 
chlorosilane (TMCS) (100 ml), obtained from Sigma–Aldrich (Milwaukee, WI, USA), and 
mixing for further 30 s. The mixture was then heated at 70oC for 20 min. in a 8 ml glass 
vial sealed with Teflon-lined screw caps, and later it was analyzed by GC-MS. 
 
IV.3.1.2.11.- Gas Chromatography-Mass Spectrometry Determination 
 GC–MS was performed on a system comprising an Agilent Technologies Model 
6890N Network GC System fitted with a programmable temperature vaporizer (PTV) 
injector and 5973 MSD (Agilent, Palo Alto, CA, USA). The analytical column was a DB-
17ht fused silica capillary column (15.0 m, 0.25 mm i.d., 0.1 mm film thickness). An 
average linear velocity of 41 cm/s of helium was maintained through the column. 
Samples (1.0 ml) were injected using an autosampler at a split ratio of 20:1.  
 
 The PTV injector was initially held at 120oC for 0.1 min., then ramped to 350oC 
at the rate of 500oC/min. and held for 10 min. before allowing to cool back to 120oC at 
the rate of 20oC/min. The GC oven temperature was increased from 120 to 340oC at 
the rate of 10oC/min. and held at that temperature for 30 min. The MS quadrapole and 
source temperatures were maintained at 150 and 230oC, respectively. The MS 
acquired data in the electronic ionization mode for the range 29–800 amu. Data was 
analyzed using Chemstation software (Agilent, Palo Alto, CA, USA) and results in this 
paper are presented as g/100 g of fatty acids methyl esters (FAME).  
 
IV.3.2.2.12.- Statistical Analysis  
 All statistical analyses were carried out using SAS (SAS Institute, 2005). 
Production and chemical composition data were analyzed using a mixed model with 
treatment diets as fixed effects and dairy cows as random effects. Least square means 
(LSM) and standard error of the means (SEM) for the source of forage used to feed 
cows were calculated for each dependent variable. Mean differences were compared 
using a Tukey’s multiple comparison test and statistical significance were declared at 
p<0.05 for the main effects.  
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 Differences between seasonal periods were assessed by ANOVA according to 
the model: Yijk= µ + Si + Hj + eijk, where Yijk is the average of corresponding months of 
each season. The main grazing season in Galicia for this paper was divided in two, 
defined as spring (April-May) and summer (June-August). µ is the overall mean, Si is the 
effect of the season, Hj is the effect of herd and εijk is the residual error. 
 
IV.3.1.3.- Results  
 
IV.3.1.3.1.- Grazing Management 
 On average, the G/S and G treatments completed 4-5 grazing rotations with 
139 grazing days. However, the G treatment had less grazing days per rotation 
(p<0.001, ̶ 6.9 days) than the G/S treatment (34.8 days). The G/S treatment was 
allocated a greater HM (kg DM/ha) (p<0.05, +278) compared to the G treatment (3 
069). The G/S treatment had higher DHA (kg DM/cow/day) (p<0.05, +4.60) compared 
to the G treatment (19.34). Lower herbage utilization (%) was found in the G/S 
treatment (40.1) compared to the G treatment (89.2) due to lower SR and higher 
substitution rate in the G/S treatment than in the G treatment. 
 The G treatment showed higher (p<0.01) sward quality compared to the G/S 
treatment, with higher CP (G, 144 vs. G/S, 118 g/kg DM), WSC (G, 182 vs. G/S, 148 g/kg 
DM) and IVODM (G, 785 vs. G/S, 756 g/kg DM) and lower ADF (G, 271 vs. G/S, 289 g/kg 
DM) and NDF (G, 525 vs. G/S, 573 g/kg DM). Also, the pre- and post-grazing sward 
heights were lower in the G (16.4 and 4.7 cm, respectively) treatment than in the G/S 
(17.3 and 7.2 cm, respectively) treatment. 
 
IV.3.1.3.2.- Pasture, Silage and Concentrate Dry Matter Intake 
 As a result of the treatments imposed, the total DM intake (kg DM/cow/day) 
was lower in the S treatment (21.2) compared to the G/S (p<0.05,  ̶ 1.6) and G (p<0.01,  
̶ 2.4) treatments with no differences between G/S and G diets (Table IV.3.1.3.2.). The 
pasture DM intake (kg DM/cow/day) was higher in the G treatment (17.3) than in the 
G/S (p<0.001, +7.7) and S (p<0.001, +17.3) treatments according to the grazing 
proportions of the three diets. The silage DM intake (kg DM/cow/day) was made 
higher in the S treatment (14.9) compared to the G/S (p<0.001, +8.0) and G treatments 
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(p<0.001, +14.9). The same level of concentrate DM intake (6.3 kg/cow/day) was 
provided in the diet of three herds of Holstein-Friesian dairy cows. 
 
Table IV.3.1.3.2. Dry matter intake (kg DM/cow/day) of the three herd diets. 
 Diets1  p-values3 
 S  G/S  G SEM2 S vs. G/S S vs. G G/S vs. G 
Pasture DM intake 0  9.6  17.3 0.12 *** *** *** 
Silage DM intake 14.9  6.9  0 0.12 *** *** *** 
Concentrate DM intake 6.3  6.3  6.3 0.14 ns ns ns 
Total DM intake 21.2  22.8  23.6 0.34 * ** ns 
1Diets were: (S) 100% silage, (G/S) 50% grazing + 50% silage and (G) 100% grazing. 
2Standard Error of the Mean (SEM). 
3ns: Not significant (p≥0.05); ***: p<0.001; **: p<0.01; *: p<0.05. 
 
IV.3.1.3.3.- Animal Performance  
 The treatment effects on animal measurements (BW and BCS), MY and milk 
composition (protein and fat) of Holstein-Friesian dairy cows are presented in Table 
IV.3.1.3.3. The cows at grazing (G and G/S herds) showed lower BW (P<0.01, average     
̶ 32 kg) and BCS (P<0.01, average  ̶ 0.29) than those without grazing (S group, 631 kg).  
 
Table IV.3.1.3.3. Animal production parameters from the three herds of dairy cows.  
 Diets1  p-values3 
 S  G/S  G SEM2 S vs. 
G/S 
S vs. G G/S vs. 
G 
Body weight (kg) 631  600  598 5.75 ** ** ns 
Body condition score (1-5) 3.25  2.99  2.94 0.07 ** ** ns 
Milk yield (kg/cow/day) 23.3  21.5  22.6 0.11 *** ** *** 
Milk protein (g/kg DM) 30.3  30.6  31.6 0.20 ns  *** ** 
Mil fat (g/kg DM) 39.6  38.3  37.4 0.30 ns * ns 
1,2,3See Table IV.3.1.3.2. 
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 MY was significantly different across the three herds of cows. It was the highest 
on the S herd (23.3 kg/cow/day) compared to the G/S (p<0.001, +1.8) and G (p<0.01, 
+0.7) herds and the lowest on the G/S herd (21.5 kg/cow/day) compared to the S 
(p<0.001, ̶ 1.8) and G (p<0.001, ̶ 1.1) herds. Cows on the G herd showed an 
intermediate level of MY between the other two herds. There was no difference in 
milk protein content between S and G/S herds. The highest milk protein content was 
found in the G herds (3.16 g/kg DM) compared to the S (p<0.001, +0.13) and G/S 
(p<0.01, +0.10) herds. Milk fat content was higher (p<0.05, +0.22) in the S herd (3.96 
g/kg DM) compared to the G herd. No differences were found in milk fat content 
between G/S and the other two herds of Holstein-Friesian cows (S and G). 
IV.3.1.3.4.- Milk Fatty Acid Profile 
 The milk FA profile of the three herds of dairy cows is presented in Table 
IV.3.1.3.4. There was a significant difference in the concentrations of SFA between the 
treatments, with higher values recorded in the S (p<0.001, +3.90 g/100 g of FAME) and 
G/S (p<0.001, +3.39 g/100 g of FAME) herds compared to the G herd (61.95 g/100 g of 
FAME). The differences were due mainly to the concentrations (g/100 g of FAME) of 
C16:0 (p<0.001, +2.52 for S; p<0.001, +2.28 for G/S), C18:0 (p<0.05, +1.01 for G/S) and 
C14:0 (p<0.001, +0.80 for S; p<0.05, +0.48 for G/S) and to a minor extent by the 
difference in other SFA as C6:0 (p<0.05, +0.09 for S; p<0.001, +0.17 for G/S), C8:0 
(p<0.001, +0.14 for S; p<0.001, +0.16 for G/S), C10:0 (p<0.001, +0.51 for S; p<0.001, 
+0.44 for G/S) and C12:0 (p<0.001, +0.61 for S; p<0.001, +0.47 for G/S).  
 There were no differences in the concentrations of SCFA between S, G/S and G 
herds. The lowest content of SCFA was found in the G herd (p<0.05, ̶ 1.16 g/100 g of 
FAME) compared to the G/S herd (11.31 g/100 g of FAME) due to lower concentrations 
of C6:0, C8:0 and C10:0. The lowest content of MCFA was found in the G herd (40.75 
g/100 g of FAME) compared to the S (p<0.001, +3.93 g/100 g of FAME) and G/S 
(p<0.001, +3.24 g/100 g of FAME) herds due to lower concentrations of C12:0, C14:0 
and C16:0. The highest content of LCFA was found in the G (38.50 g/100 g of FAME) 
herd compared to the S (p<0.01, ̶ 3.09 g/100 g of FAME) and G/S (p<0.001,  ̶ 3.72 g/100 
g of FAME) herds due to higher concentrations of C18:0, C18:1, C18:2 and C18:3. 
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Table IV.3.1.3.4. Milk fatty acids composition (g/100 g of FAME) of the three herd diets 
used to feed Holstein-Friesian dairy cows during the experimental period in 2008.  
 Diets1   p-values3  
 S  G/S  G SEM2 S vs. 
G/S 
S vs. G G/S vs. G 
C4:0, Butyric acid 4.26  4.73  4.33 0.37 ns ns ns 
C6:0 , Caproic acid 2.31  2.39  2.22 0.03 * * *** 
C8:0 , Caprylic acid 1.32  1.34  1.18 0.02 ns *** *** 
C10:0 , Capric acid 2.93  2.86  2.42 0.07 ns *** *** 
C12:0 , Lauric acid 3.26  3.12  2.65 0.09 ns *** *** 
C14:0 , Myristic acid 10.98  10.66  10.18 0.17 ns *** * 
C16:0 , Palmitic acid 30.44  30.20  27.92 0.47 ns *** *** 
C18:0 , Stearic acid 10.35  10.04  11.05 0.32 ns ns * 
C18:1 , Oleic acid 21.81  21.49  23.70 0.35 ns *** *** 
C18:2 ,  Linoleic acid 2.86  2.76  3.13 0.06 ns ** *** 
C18:2 cis-9, trans-11, CLA 0.49  0.82  1.14 0.04 *** *** *** 
C18:3 , Linolenic acid 0.40  0.50  0.62 0.02 *** *** *** 
SCFA4 10.82  11.31  10.15 0.33 ns ns * 
MCFA5 44.68  43.99  40.75 0.63 ns *** *** 
LCFA6 35.41  34.78  38.50 0.66 ns ** *** 
SFA7 65.85  65.34  61.95 0.46 ns *** *** 
UFA8 25.06  24.75  27.45 0.41 ns *** *** 
MUFA9 21.81  21.49  23.70 0.35 ns *** *** 
PUFA10 3.26  3.25  3.75 0.70 ns *** *** 
1, 2, 3See Table IV.3.1.3.2. 
4Short chain fatty acids (SCFA, C4:0 to C10:0).  
5Medium chain fatty acids (MCFA, C12:0 to C16:0).  
6Long chain fatty acids (LCFA, C18:0 to C18:3).  
7Saturated fatty acids (SFA, C4:0 to C18:0). 
8Unsaturated fatty acids (UFA, C18:1 to C18:3).  
9Monounsaturated fatty acids (MUFA, C18:1). 
10Polyunsaturated fatty acids (PUFA, C18:2 to C18:3). 
 
 The highest level of UFA was found in the G herd (27.45 g/100 g of FAME) 
compared to the S (p<0.01, ̶ 2.39 g/100 g of FAME) and G/S (p<0.001,  ̶ 2.70 g/100 g of 
FAME) herds. The levels of oleic and linoleic acid were higher in the G (23.70 and 3.13 
g/100 g of FAME, respecxvely) compared to the S (p<0.001, ̶ 1.89 g/100 g of FAME for 
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oleic acid; p<0.001, ̶ 0.27 g/100 g of FAME for linoleic acid) and G/S (p<0.01, ̶ 2.21 
g/100 g of FAME for oleic acid; p<0.001, ̶ 0.37 g/100 g of FAME for linoleic acid) herds.  
The highest levels of MUFA and PUFA were found in the G herd (23.70 and 0.75 g/100 
g of FAME, respecxvely) compared to the S (p<0.001, ̶ 1.89 g/100 g of FAME for MUFA; 
p<0.001, ̶ 0.49 g/100 g of FAME for PUFA) and G/S (p<0.001, ̶ 2.21 g/100 g of FAME for 
MUFA; p<0.001, ̶ 0.50 g/100 g of FAME for PUFA) herds due to higher concentrations of 
C18:1, C18:2 and C18:3. Linolenic acid and CLA concentrations (g/100 g of FAME) were 
different (p<0.001) between the three treatments, with higher contents observed in 
the G (0.62 and 1.14 g/100 g of FAME, respectively) herd compared to the S (̶ 0.22 and  ̶ 
0.65 g/100 g of FAME, respecxvely) and G/S (̶ 0.12 and  ̶ 0.32 g/100 g of FAME, 
respectively) herds. Among the total CLA isomers RA (C18:2 cis-9, trans-11) was the 
predominant CLA isomer accounting around 75-85% for the S, G/S and G herds. 
 The seasonal variation on the CLA content of the three herds of Holstein-
Friesian dairy cows with different grazing proportion of grass in the diet was recorded 
in Figure IV.3.1.3.4. Higher levels of CLA were found (p<0.05, +0.18 g/100 g of FAME) in 
summer (June-August) than in spring (April-May) for the G (1.05 g/100 g of FAME) 
herd, without significant differences for the S (0.47 and 0.51 g/100 g of FAME) and G/S 
(0.76 and 0.87 g/100 g of FAME) herds for spring and summer, respectively despite of 
an increased content. The G herd had three times higher level of CLA (p<0.001, +0.76 
g/100 g of FAME) than the S herd in spring (0.47 g/100 g of FAME) and also twice 
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Figure IV.3.1.3.4. Seasonal variation of conjugated linoleic acid on Holstein-Friesian 
dairy cows’ milk for the three forage diets. Treatments: see Table IV.3.1.3.2. 




 Difference in milk FA profile of bovine milk has been reported by several 
authors (Collombs et al., 2004) and (Jensen, 2002). The underlying factors resulting in 
the variation of milk FA are predominately related to the cow diet, including forage to 
concentrate ratio (Griinari et al., 1998) and level of intake of UFA, especially plant oils 
that are high in linoleic acid (Dhiman et al., 1999a). Precht and Molkentin (2000) and 
Lock and Garnsworthy (2003) found that there were marked seasonal consequently 
dietary variations in the FA content of milk fat. Both reports established that the CLA 
content was higher when cows were receiving fresh pasture. This is in accordance with 
our findings and results of Thorsdottir et al. (2004), who observed lower CLA content in 
milk fat from Nordic than other European countries. According to these authors, 
shorter summers (hence shorter periods of pasture grazing) in the Nordic countries 
could explain CLA differences between the Nordic and other European countries.  
 Regarding studies that deal with the milk FA profile made in Spain by Alonso et 
al. (2004), who shows the seasonal and regional influences on the FA composition of 
cow’s milk fat feeding on natural pastures from three regions (west, centre and east) 
of Asturias, the majority of the FA analyzed presented significant variations due to the 
seasonal factor. The concentration of SCFA and MCFA decreased during spring and 
summer while the LCFA increased during these seasons. The SFA showed the highest 
concentrations in winter and autumn while the UFA showed the highest 
concentrations in spring and summer. However, in this study only one source of forage 
was investigated. In our research, we have investigated the effect of using different 
forage source (100% silage, 50% grazing + 50% silage and 100% grazing) and 
supplementation with cottonseeds in three groups of Holstein-Friesian dairy cows 
during the main grazing season with the aim of establishing the differences on milk FA 
profile of the three cows feeding regimes and the variation in CLA content across the 
season. The 20 weeks of our study across the grazing season providing an opportunity 
to assess the cumulative treatment effects of forage source and the seasonal variation 
on sward quality, PDMI and dairy cows’ milk performance at pasture focusing on milk 
FA profile of Holstein-Friesian dairy cows. In our experiment a more approximated 
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situation to the main effects of using different forage sources has been realized with 
the purpose of establishing the sward response and milk performance of autumn 
calving dairy cows throughout the grazing season, which can be really extrapolated in 
the future to on farm grazing management systems.  
IV.3.1.4.1.- Grazing Management 
 It is well established that dairy cows tend to graze selectively and the degree of 
selection is influenced by the amount of forage available (Hardison et al., 1954; 
Lesperance et al., 1960) and the SR applied (McMeekan and Walshe, 1963; McFeely et 
al., 1975; Hoden et al., 1991; O’Donovan et al., 2004). Stakelum and Dillon (2007) also 
found an increased selection of higher digestibility herbage and green leaf content, 
with higher milk output per cow, on severely grazed swards in comparison to laxly 
grazed swards. As the quantity of DHA increases as happened in our G/S herd, the level 
of refused pasture increases and leading to a decrease in swards quality in subsequent 
grazing rotations (Lee et al., 2008). In our trial, the G herd had higher SR, with low HM 
(3,069 kg DM/ha) and low DHA (22.08 kg DM/cow/day), compared to the G/S group. In 
a study reported by Roca-Fernández et al. (2011), it has been showed that the most 
limiting factor controlling sward structure is DHA and with high DHA, 20 over 15 kg 
DM/cow/day, using a low HM swards (1,600 kg DM/ha) improved sward quality 
presenting lower stem and dead DM yield (>4.0 cm) and higher PDMI. The results from 
this study highlighted the importance of using low HM swards in the early part of the 
grazing season by getting a low post-grazing residuals and a high herbage utilization 
that enabled grazing dairy cows to achieve better performance. Higher sward quality 
was found in the G herd compared to the G/S herd with high CP content, WSC and 
IVODM and lower ADF and NDF. This agrees with results presented by Roca-Fernández 
et al. (2009) in a trial studying two SR (low, 3.9 and high, 4.8 cows/ha) and Curran et al. 
(2010) in an experiment evaluating two HM (1,600 and 2,400 kg DM/ha) and two DHA 
(low, 15 and high, 20 kg DM/cow/day).  
 Palladino et al. (2009) showed that cows grazing a low HM (2,700 kg DM/ha) 
had a higher intake of total FA, linolenic acid and linoleic acid, which was related to the 
high herbage content of both linolenic acid and total FA in the LH (1,700 kg DM/ha and 
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20 kg DM/cow/day) and LL (1,700 kg DM/ha and 16 kg DM/cow/day) treatments. For 
the authors these were not surprising, given that longer regrowth periods are 
necessary to generate pastures with greater pasture cover and several authors have 
demonstrated that FA content in grasses declines as the duration of the regrowth 
period increases (Dewhurst et al., 2001; Elgersma et al., 2003b). Regrowth periods 
indeed affected the total FA concentration and significantly lower concentrations of 
C18:3 were found after a longer period of regrowth in the G/S herd. Since G cows in 
the present study were offered around 20 kg DM/day (which is on the higher range of 
the DHA normally offered to cows at this stage of lactation) a lower probability of 
selective grazing would be expected in the G cows compared to the G/S cows where 
the DHA was higher than 20 kg DM/cow/day. 
 In addition, cows grazing a high DHA had a higher intake of FA, but this seemed 
to be more closely related to the higher PDMI than to differences in sward quality. 
Under these circumstances, cows would be able to select and to ingest upper layers of 
the canopy, where young leaf blades predominate. Furthermore, leaves appear to be 
consumed in preference to stems (Johnstone-Wallace, 1937). Nevertheless, increasing 
DHA usually causes a decrease in sward quality in subsequent grazing rotations if 
swards are not well-managed (Curran et al., 2010). Elgersma et al. (2005), therefore, 
hypothesized that the protein concentration in the herbage, the leaf-blade proportion 
of the canopy and regrowth period of the sward might affect the concentration of fat 
and the proportions of FA in the herbage.  
 Dewhurst et al. (2006), after a review of the literature, could not establish any 
effect of varying DHA on milk concentrations of either CLA or linolenic acid. In our 
experiment the G/S treatment showed higher DHA compared to the G treatment, 
however, with the lowest CLA and linoleic acid content mainly due to silage DM intake 
and nor to higher DHA. In fact, the high fresh grass proportion in the G treatment was 
the responsible of the highest levels of CLA and linolenic acid. In agreement with other 
authors (Lawless et al., 1999; Kelsey et al., 2003; Lock and Garnsworthy, 2003), we 
have found high variation in CLA content between individual animals and these 
differences between animals were consistent across time.  
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IV.3.1.4.2.- Pasture, Silage and Concentrate Dry Matter Intake 
 There was no difference between G and G/S herds in total DM intake of dairy 
cows taken into consideration two grazing proportions (100% grazing and 50% grazing 
+  50% silage, respectively). However, higher PDMI was found in the G group compared 
to the G/S group. The S herd showed the lowest total DM intake, with the highest 
silage DM intake compared to the G/S and G herds which better explains the 
differences in milk CLA response of the three cow diets. We are of the opinion that the 
higher response in milk CLA with G herds relative to G/S cows is due to higher PDMI 
and an improved on sward quality by G cows which fed higher leaf proportion in the 
sward compared to what was found in the G/S cows were more stem and dead 
material were presented in the sward. 
 Consistent with these findings, Mohammed et al. (2009) found strong 
correlations between RA yield (g/day) and total substrate intake from herbage snips.  
Significantly lower intakes of substrate in G/S fed cows compared to other treatments 
could be explained by the lower PDMI as well as the lower proportion of linolenic acid 
in the G/S herd compared to the G herd. Lower proportion of linolenic acid in the G/S 
herd relative to the G and S herds could be due to oxidation of PUFA during wilting and 
when grass is ensiled. Losses of FA during forage conservation and storage has been 
documented by several authors (Lough and Anderson, 1973; Steele and Noble, 1983) 
and is mediated by plant lipases releasing linolenic acid and linoleic acid from the cut 
surface of the plant tissue (Thomas, 1986). Silage prepared with formic acid additive 
has been reported to have higher concentrations of total FA and linolenic acid 
(Dewhurst and King, 1998; Shingfield et al., 2005). However, in our experiment no 
additives were used in the preparation of silage to avoid any confounding effects of 
the additives on rumen biohydrogenation.  
 The low total DM intake on the G/S and S herds in comparison to the G herd 
has been anticipated because previous studies have shown that voluntary intake of 
forage DM when is conserved as silage is lower than that of the herbage from which it 
was produced (Demarquilly, 1973). Harris et al. (1966) suggested that the intake of 
silage over a prolonged feeding period may be limited by low pH, associated with a 
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high content of organic acids. Therefore, it is probable that the constituents that are 
produced during the fermentation of the forage in the ensiling process lead to a 
physiological barrier to intake operating either at ingestion or within the rumen or 
after absorption into the blood (Mohammed et al., 2009). Grass and maize silage used 
to feed G/S and S cows in our study were harvested the year before; grass silage was 
made in May after 6 weeks of growth while cows on G and G/S herds were offered 
grass that was about 4-5 weeks old. The differences in the growth stage of forage 
species and the higher fibre levels in the S compared to G/S and G treatments are 
indicative of a lower digestibility and also probably contributed to the lower total DM 
intake in the S treatment compared to the G/S and G treatments.   
IV.3.1.4.3.- Animal Performance  
 The difference in the average MY between S and G reflects the difference in 
total DM intake between these treatments due to source of forage to feed animals. 
MY was significantly different between G and G/S, but total DM intake was not 
different. However, the mean total DM intake on S was numerically lower compared to 
G. The higher MY on G animals compared to G/S could be partly explained due to the 
fact of higher sward quality when cows were on G treatment compared to those when 
they were on G/S treatment. Grazing cows on the G herd can more readily reject 
unsuitable forage and preferentially consume the leafy and more easily digestible 
portions of the grass compared to the G/S cows where lower SR was applied and 
higher proportions of stem and dead material are found. Consistent with this, higher 
IVODM (g/kg DM) was observed in the G swards (785) compared to the G/S swards 
(756). Mohammed et al. (2009) reported higher value in the MY (kg/cow/day) of the G 
herd for spring calving Holstein-Friesian dairy cows (24.6) compared to our autumn 
calving dairy cows herd (22.6) attributed to the cow’s stage of lactation. Nevertheless, 
the MY (kg/cow/day) of our G/S herd (21.5) with autumn calving dairy cows was higher 
than that reported by Mohammed et al. (2009) (16.1) with spring calving cows.    
 Milk fat content was significantly higher in the S herd compared to the G herd 
due to the source of forage used in the ration, all silage (grass and maize) vs. fresh 
grass. Although not different, the values for milk fat in the G herd were comparable to 
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those in the G/S herd. The lower percentage of milk fat in the G herd could be possibly 
due to diet induced differences in rumen fermentation pattern influencing the end 
products of fat synthesis and carbohydrate metabolism activity in the rumen.  
 Decreases in milk protein content in the S cows compared to the G/S and G 
cows could be due to the differences in growth stage between the forages. Silage was 
harvested when it was 6 weeks old while the grass offered to the G/S and G herds was 
about 5 and 4 weeks old. This difference in growth stage could be one of the reasons 
for the lower dietary protein in the S herd compared to the G herd which could have 
decreased efficiency of microbial protein synthesis in the rumen. This agrees with 
results presented by Mohammed et al. (2009) when three forage sources where 
compared: G (all grazing), GS (grazing and silage) and ZG (zero grazing). Efficiency of 
microbial protein synthesis depends on the dietary protein and available energy from 
breakdown of carbohydrates in the rumen (NRC, 2001). During ensiling sugars are 
converted to lactic acid and volatile fatty acids. Lactic acid, the major end-product of 
silage fermentation has little or no value as an energy source for rumen microbes 
(Chamberlain, 1987) as happened in our S and G/S herds where a high and low 
proportion of silage was fed by cows. In the absence of readily available energy the 
efficiency of rumen microbes to synthesize microbial protein in the rumen is decreased 
resulting in a lower microbial nitrogen flow from the rumen in cattle on silage diets 
(Jaakkola et al., 1992; Younge et al., 2004). The decrease in microbial protein synthesis 
in silage diets could have decreased protein availability for the animal resulting in low 
milk protein content.  
IV.3.1.4.4.- Milk Fatty Acid Profile 
 According to our results milk from cows grazing pastures is richer in PUFA, 
especially CLA and n-3 PUFA, and lower in SFA compared with TMR systems with high 
proportion of silage in the diet of dairy cows. This agrees with results presented by 
Chilliard et al. (2001), Kraft et al. (2003) and Dewhurst et al. (2006). Moreover, when 
the proportion of fresh grass is increased higher are the levels of PUFA and CLA in milk 
fat. This is also in line with the results of Mohammed et al. (2009), which reported that 
efficiency of milk RA production in G group was significantly higher than that in ZG or 
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GS groups when either of the two sources of substrate (grass vs. silage) was taken into 
consideration suggesting that G cows are more efficient than ZG or GS cows as they 
were able to produce more RA yield per 100 g of substrate intake. The differences in 
CLA between our herds (S, G/S and G) could be due to differences in the intake of 
substrate, amount of precursor (TVA) and mammary stearoyl CoA desaturase activity 
between the three treatments examined. Considering the small proportion of linoleic 
acid compared to linolenic acid in the forage and the finding that biohydrogenation of 
linolenic acid did not produce RA in the rumen (Mohammed et al., 2009), most of the 
milk RA yield in Mohammed’s study was attributed to the differences in the supply of 
TVA to the mammary tissue and the difference in mammary desaturase activity 
between the treatments. These authors and us also observed that there were 
differences in the total DM intake, MY, fat, protein and CLA in milk between the 
treatments related mainly to differences in substrate intake between the treatments. 
From these findings the difference in milk CLA response between S, G/S and G 
treatments appears to be mainly due to differences in substrate intake. 
 Some studies have indicated that linoleic rich oils (i.e. sunflower or soybean 
oils) increase milk RA more than those rich in linolenic acid (i.e. linseed or rapeseed 
oils); but results are not always consistent (Kelly et al., 1998a; Dhiman et al., 2000; 
Chilliard et al., 2003; Zhang et al., 2006; Bernard et al., 2009). In this regard, responses 
to both types of oils are in some cases comparable, which be accounted for by the 
influence of the dietary forage (Lock and Garnsworthy, 2002; Loor et al., 2005; Bernard 
et al., 2009). Besides, similar increases in milk RA content with linoleic and linolenic 
rich oils provide further evidence that TVA supply for endogenous synthesis in the 
mammary gland is the most important determinant of RA concentration in milk fat 
(Palmquist et al., 2005), since only TVA, and not RA, is formed in the rumen during 
linolenic acid biohydrogenation (Harfoot and Hazlewood, 1997; Jenkins et al., 2008). 
  Even when fat supplements are fed as cottonseeds in our experiment with the 
objective of increasing the intake of CLA precursors in TMR diets, milk concentration of 
CLA is below that recorded under grazing systems (Dhiman et al., 1999b) as happened 
when compared our G herd to G/S and S herds. Dewhurst et al. (2003) showed that, 
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with a low level of concentrate feeding and red clover silage as sole forage, the 
concentrations of linolenic acid in milk to be three-fold those of the concentrations in 
milk from cows fed grass silage. This also happened in our experiment with treatments 
S and G; the levels of CLA were three times higher in the G than in the S herd.  
 The most effective strategy to increase the CLA and n-3 PUFA content of milk 
appreciably is, therefore, strategic supplementation of grazing cow diets (Murphy et 
al., 1995; Lawless et al., 1998; Flowers et al., 2008). Using concentrate in full lactation 
is an expensive approach to low inputs systems, and high level of supplementation, 
particularly from midlactation onward, is not in harmony with low-cost pasture-based 
production systems. To this end, there is a requirement to examine regimens to 
improve the nutritional composition of milk through improved pasture management in 
order to get high quality milk at low price using strategic supplementation at pasture 
trying to get the best profit from fresh grass.  
 Research in New Zealand (Auldist et al., 1998) and the United Kingdom (Lock 
and Garnsworthy, 2003) revealed seasonal variation in the CLA content of milk fat with 
highest concentrations, 1.27 and 1.70 g/100 g of FAME in milk fat, respectively, in 
grazing dairy cows. These values are in line with those observed in our G herd across 
the grazing season. The lowest concentrations in New Zealand and UK were found in 
winter and amounted to 0.60 g/100 g of FAME when no fresh grass was available to 
feed dairy cows or only a small proportion was part of their diet. There was no 
relationship between milk fat level and CLA proportion of fat. Reklewska et al. (2003) 
found that CLA concentrations (g/100 g of FAME) in milk of Black-and-White dairy 
cows in Poland were higher in summer (0.84) and autumn (0.89) than in winter (0.63).  
 With regard to differences in FA intake across the season, the variation seemed 
to be more a function of differences in FA composition of the pasture than differences 
in PDMI. Precht and Molkentin (2000) and Jensen (2002) informed that the average 
concentrations of RA in bulk milk in most countries are between 0.40-1.00 g/100 g of 
FAME in milk fat and these values during pasture feeding are 2-3 times those during 
barn feeding. This was also observed in our G and S herds. The highest levels of CLA in 
the G/S and G herds were found in mid-summer, tending to decrease progressively 
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until end of August when summer drought appeared and low grass growth rate was 
found in the swards with worst grass quality (lower proportion of leaves and higher of 
dead material).  
 A fast response in CLA content was reported when cows changed from winter 
feeding to pasture (Kelly et al., 1998b) and viceversa (Elgersma et al., 2004a). Elgersma 
et al. (2004a) found a range in CLA concentrations (g/100 g of FAME) in milk fat of six 
grass grazed dairy cows of 1.40-3.60  and 0.40-0.58 g/kg at the end of a 2 weeks 
transition period to a 1:1 grass/maize silage diet, respectively. In a second experiment, 
the CLA contents (g/100g of FAME) of 12 dairy cows ranged from 1.24 to 2.78 on 
grazed grass and from 0.40 to 0.86 at 4 days after transition to maize silage. These 
results were consistent with Chilliard et al. (2001) showing that the maximum effect is 
also reached within about 5 days (Kuzdal-Savoie and Kuzdal, 1961). However, Khanal et 
al. (2003a) showed that milk fat CLA content continued to increase until day 23 after 
turning cows out to pasture and stabilized at 2.54% of milk fat, which was 550% of the 
original level, until day 29, after which cows were withdrawn from pasture. Both milk 
fat and TVA contents followed a similar trend. This happened also in our experiment 
and might be the time required for adaptation of the rumen microbes to the changing 
diet as well as the physiology of milk fat synthesis on the basis of type and quantity of 
FA supplied through the diet. It was also shown that only 4 days were needed to bring 
the milk fat and TVA contents back to their original level once the cows were 
withdrawn from pasture and put back on a similar TMR diet (Khanal et al., 2003a). 
Shingfield et al. (2006) suggests that, when feeding sunflower oil, this enhancement 
may not always be consistent and may even decline with time after an initial increase.  
 In general, CLA concentrations differed among dairy cows but patterns in 
response to diet changes were similar in our experiment and trials carried out by 
Elgersma et al. (2004a). The ranking of dairy cows for the CLA content at the various 
sampling days was similar to Lock and Garnsworthy (2003) who found consistency in 
the ranking of individual dairy cows in CLA content with increased time on the same 
diet or when dairy cows changed diets. Provided the trait is at least moderately 




 Holstein-Friesian dairy cows grazing grass showed higher content of 
polyunsaturated fatty acids (FA) and more conjugated linoleic acid (CLA) in milk fat 
than cows on silage feeding. It could be concluded that the differences in substrate 
intake as forage source (100% silage, 50% grazing + 50% silage and 100% grazing) 
appear to contribute largely to the differences in milk FA profile between the 
treatments. Also, it could be due to differences in the rumen environment and/or 
digesta kinetics between these treatments and possibly in a less extent to the 
interaction between diet and animal genotype, which is contributing to the added 
increased efficiency on milk CLA production of the grazing Holstein-Friesian dairy cows.  
 In the present study, substantial variation in milk FA profile of dairy cows 
especially in CLA content across the main grazing season (April-August) was observed. 
Summer (June-August) milk produces a better profile with less saturated FA, more 
unsaturated FA and CLA proportions in all raw milk compared to the spring milk (April-
May). In order to understand better the factors that might affect the CLA levels in milk 
fat, appearing that naturally grown fresh grass in summer affects the biohydrogenation 
pathways of milk FA synthesis, the whole dairy production system from each region 
using different source of forage should be carefully checked, paying special attention 
to the animal feeding patterns and the characteristics of forage species and cow 
genotypes selected. 
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RESUMEN CAPÍTULO IV. 3.1. 
EFECTO DE LA FUENTE DE FORRAJE (PASTO VS. SILO) EN LA VARIACIÓN ESTACIONAL 
DEL CONTENIDO DE ÁCIDO LINOLEICO CONJUGADO EN  LA GRASA LÁCTEA DE VACAS 
HOLSTEIN-FRIESIAN EN GALICIA (NO ESPAÑA) 
 La leche de vacas alimentadas en pastoreo muestra un contenido elevado en 
ácidos grasos poliinsaturados (PUFA), con niveles altos de ácido linoleico conjugado, y 
bajo en saturados (SFA). El objetivo de este estudio fue investigar el efecto de 
diferentes proporciones de forraje, pasto y ensilado, en el perfil de FA de la leche de 
vaca y la variación estacional en el contenido de CLA a lo largo de la época de 
pastoreo. Sesenta y una vacas Holstein-Friesian de partos de otoño se distribuyeron al 
azar en uno de tres tratamientos (S, 100% ensilado; G/S, 50% pastoreo y 50% ensilado; 
G, 100% pastoreo). El perfil de FA de la leche de vaca se determinó por cromatografía 
de gases-espectrometría de masas. El tratamiento G mostró un descenso en el 
contenido de FA de cadena corta (p<0,05) y media (p<0,001) (SCFA, 10,15 y MCFA, 
40,75 g/100 g de los ésteres metílicos de los ácidos grasos, FAME, respectivamente) y 
un aumento (p<0,05) en los de cadena larga (LCFA, 38,50 g/100 g de FAME). Los 
contenidos más altos (p<0,05) en FA monoinsaturados y poliunsaturados (MUFA, 25,20 
y PUFA, 4,24 g/100 g de FAME, respectivamente) se observaron en G. A medida que se 
incrementó la proporción de pasto en la ración aumentó (p<0,05) el contenido en CLA, 
desde 0,49, 0,82 hasta 1,14 g/100 g de FAME para los tratamientos S, G/S y G, 
respectivamente. En verano, los niveles de CLA (g/100 g de FAME) fueron tres veces 
superiores en la grasa láctea de vacas en pastoreo (p<0,001, +0,76) que con ensilado 
(0,47), mientras que el rebaño G/S mostró un contenido de CLA solo dos veces más 
alto (p<0,001, +0,40) que el rebaño con 100% silo. El incremento en la proporción de 
forraje en la dieta de las vacas aumenta el valor añadido de la leche al presentar unos 
niveles superiores de CLA. 
 
Palabras clave adicionales: ácido linoleico conjugado; composición química de la grasa 
láctea; ganado vacuno lechero; proporción de forraje; semillas de algodón; valor 
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EFFECT OF CONCENTRATE SOURCE (COTTONSEED vs. BARLEY) ON MILK 
PERFORMANCE AND FATTY ACIDS PROFILE OF HOLSTEIN-FRIESIAN DAIRY COWS  
 
Short title:  Effect of concentrate source (cottonseed vs. barley) on milk fatty acids  
  Abstract. Milk performance (yield, protein and fat content) and milk fatty acids 
(FA) profile of dairy cows under supplementation with two sources of concentrate, 
oilseeds (C, cottonseed) at two levels, low (5 kg DM/cow/day) and high (7 kg 
DM/cow/day), and cereal grains (B, barley) at high rate (7 kg DM/cow/day), were 
studied in three herds (n=36) of spring calving Holstein-Friesian dairy cows (200 days in 
milk). Animals were randomly assigned to one of three indoors (n=12) silage feeding 
regimes (C5, C7 and B7), using a TMR (total mixed ration) basal diet, containing 70-80% 
silage (grass:maize, 36:64) and 30-20% concentrate. Daily milk yield (MY) was higher 
(p<0.001) at the high level of supplementation (B7, 18.1 and C7, 17.9 kg/cow/day, 
respectively) compared to the low level (C5, 15.7 kg/cow/day), and dairy cows at the 
highest level of concentrate showed the highest (p<0.05) body weight (B7, 605 and C7, 
598 kg, respectively). Milk protein content was lower (p<0.05) in the high level of 
cottonseed (C7, 30.7 g/kg DM) than in the barley treatment (B7, 32.7 g/kg DM). There 
were no differences among treatments in milk fat and milk urea content. Weekly milk 
FA profile of cow milk was determined using gas chromatography-mass spectrometry, 
during seventy days in autumn, and no differences were found among treatments in 
short, medium and long chain FA. Despite this, higher (p<0.05) contents of 
polyunsaturated fatty acids (PUFA) and linoleic acid were found in the C7 treatment 
compared to the C5 treatment (2.48 and 2.22 vs. 2.16 and 1.92 g/100 g of FA methyl 
esters, respectively). Including the high level of cottonseed and barley as a concentrate 
source for feeding dairy cattle revealed similar MY and milk fat content. However, the 
high level of cottonseed in the diet of dairy cows showed decreased milk protein 
content and increased linoleic acid and PUFA levels. 
Additional key words: cottonseed, linoleic acid, lipid feed supplements, milk fat 
composition, total mixed ration. 
Abbreviations used. ADF (acid detergent fibre), BCS (body condition score), BW (body 
weight), CLA (conjugated linoleic acid), CP (crude protein), DM (dry matter), FA (fatty 
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acids), FAME (fatty acids methyl esters), GC-MS (gas chromatography–mass 
spectrometry), IVODM (digestibility in vitro of organic matter), LCFA (long chain fatty 
acids), LSM (least square means), MCFA (medium chain fatty acids), MUFA 
(monounsaturated fatty acids), MY (milk yield), NDF (neutral detergent fibre), OM 
(organic matter), PUFA (polyunsaturated fatty acids), RA (rumenic acid), SCFA (short 
chain fatty acids), SEM (standard error of the mean), SFA (saturated fatty acids), TVA 
(trans-vaccenic acid), UFA (unsaturated fatty acids). 
 
IV.3.2.1.- Introduction 
 Factors affecting milk fatty acids (FA) profile of dairy cows have been 
investigated over the last decades by several authors (Kelly et al., 1998; Bauman et al., 
1999; Dhiman et al., 1999; Chilliard et al., 2001; Chouinard et al., 2001; Jensen, 2002; 
Kelsey et al., 2003; Khanal and Olson, 2004; Walker et al., 2004; Collomb et al., 2006). 
They have been summarized into three categories: animal (breed, age, parity, stage of 
lactation and ∆9-desaturase activity), dietary (pasture, total mixed rations, type and 
level of lipid supplements, basal diet composition and non-nutritive feed additives like 
ionophores) and rumen factors (forage/concentrate ratio, dietary starch and fibre, 
rumen pH, rumen fill and passage rate). Among these three factors, diet plays a major 
role and strongly influences the conjugated linoleic acid (CLA) content in milk fat.  
 When the goal is to enhance the CLA content of milk fat, lipid feed supplements 
rich in C18:2n-6, i.e. oilseeds, which provide the substrates for the production of trans-
vaccenic acid (TVA) or rumenic acid (RA) in the rumen, has proven to be very effective 
in dairy cows (Lock and Garnsworthy, 2002). Furthermore, the use of fat supplements 
is a way of decreasing saturated fatty acids (SFA), in particular C12:0, C14:0 and C16:0, 
while resulting in only small, if any, increases in linoleic acid content in milk fat (Mele 
et al., 2006). This is due not only to the biohydrogenation of polyunsaturated fatty 
acids (PUFA) in the rumen (Lock and Garnsworthy, 2002; Glasser et al., 2008), but also 
to their incorporation into plasma lipid fractions such as phospholipids and cholesterol 
esters, poorly used by the mammary gland in the ruminants (Kitessa et al., 2001; Loor 
et al., 2005; Chilliard et al., 2007). 
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 Decreased milk protein content is frequently observed with lipid feed 
supplements in dairy cows (DePeters and Cant, 1992; Franklin et al., 1999; Shingfield et 
al., 2006). These reductions have been attributed to nutritional and endocrine factors, 
such as reduced amino acid availability to the mammary gland and insulin resistance 
(DePeters and Cant, 1992; Mackle et al., 2000), which appear to be linked. Although 
decreases in milk protein content are relatively small, the effect of lipid 
supplementation on milk fat content can be more dramatic in the particular case of 
dairy cattle and it has consequently received much attention (Donovan et al., 2000; 
Bauman and Griinari, 2001; Roy et al., 2006; Shingfield and Griinari, 2007; Harvatine et 
al., 2009). In dairy cows, feeding oilseeds, fish oils or high concentrate levels has 
frequently been associated with milk fat depression (MFD), which Bauman and Griinari 
(2001) defined as a decrease in milk fat yield of up to 50%, with no change in milk yield 
(MY) or in the yield of other components. Varying levels of MFD have, however, been 
observed, and are commonly characterized as a level of milk fat production below the 
genetic potential of the animal (Harvatine et al., 2009).  
 Bauman and Griinari (2001) established that MFD relates to an inhibition of 
milk fat synthesis by specific biohydrogenation intermediates which are produced 
under certain conditions of altered rumen fermentation, such as feeding with plant oils 
and high proportions of rapidly fermented carbohydrate or with marine lipid 
supplements (Shingfield et al., 2006; Gama et al., 2008). Since response patterns to 
lipid feed supplements are influenced by the basal diet composition (Dewhurst et al., 
2006; Roy et al., 2006), different susceptibilities to variations in the ratio of starch to 
fibre (and associated to rumen pH) between ruminant species (Pulina et al., 2006; 
Chilliard et al., 2007) could partially contribute to explaining the differences observed. 
 In general, increasing the degree of unsaturation of lipid feed supplements 
(Harvatine and Allen, 2006) and/or the availability of the FA present (i.e. extruded vs. 
roasted) (Staples, 2006), the chances of MFD occurring will increase. It is also known 
that dairy cows consuming diets that contain maize silage as the only or major forage 
source appear to be more susceptible to MFD when unsaturated lipid feeds are 
supplemented (Staples, 2006). Partial substitution of maize silage with other forage 
source such as alfalfa may alleviate this negative effect (Ruppert et al., 2003). 
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 Jurjanz et al. (2004) investigated the effect of feeding starch based diets on 
variations in milk trans octadecenoic acid by using experimental diets containing 
similar amounts of wheat starch and potato starch. Although there were no significant 
differences in MY, the wheat diet significantly reduced milk fat yield by 11%. They 
reported that wheat starch being more fermentable produced greater concentrations 
of TVA compared to that of potato starch. However, these authors did not supplement 
the diets with a lipid source. So the effect of addition of lipid feed supplements on the 
rates of fermentation of carbohydrate could not be evaluated from this work. 
Shingefield et al. (2005) in their trial comparing the effect of forage type (maize silage 
vs. grass silage) and proportion of concentrate (35:65 and 65:35) on milk FA profile 
reported that the amount of starch in the diet could be an important determinant of 
the TVA content. They found that milk fat trans-10 C18:1 concentration was positively 
associated with the intake of starch and the ratio of starch/neutral detergent fibre 
(NDF) in the diet (r2=0.53 and 0.62 respectively). In this research, although starch was 
from different sources, its concentration was different across the diets so that the 
effect of fermentability of starch on milk FA profile could not be evaluated.  
 Due to not so much research has been conducted in this area, trying to explain 
the response in milk performance (milk protein content and milk fat content) and milk 
FA profile of dairy cows to basal diets differing in the source of forages and/or 
concentrates and, moreover, in the proportion of forage to concentrate implemented 
when lipid feed supplements were used in the rations of dairy cows. The aim of our 
work was to study the effect of changing the supplementation, under herd conditions 
indoors with the same grass-maize silage TMR, by using oilseeds (C, cottonseed) 
compared to cereal grains (B, barley) as concentrate source, on the animal 
performance with special reference to the milk FA profile of Holstein-Friesian cows in 
order to get a high added value milk produced directly on the farm.  
 
IV.3.2.2.- Materials and Methods 
 The study was conducted at Centro de Investigaciones Agrarias de Mabegondo 
(CIAM), situated in Galicia, Spain (43o15’N; 81o18’W) during 70 days in autumn (05/09-




IV.3.2.2.1.- Animals, Treatments and Feeding Regimes 
 Thirty-six primiparous and multiparous spring calving Holstein-Friesian cows 
(mean calving date 19th February 2007 and 200 days in milk) were balanced according 
to lactation number, pre-experimental milk yield (MY), milk fat and protein content. 
Animals were randomly assigned to one of three indoors treatments: two groups of 
cows were supplemented with concentrate containing cottonseed (C), at two levels, 
low (C5, 5 kg DM/cow/day) and high (C7, 7 kg DM/cow/day), and one group with 
concentrate containing barley at high level of (B7, 7 kg DM cow/day).  
 
IV.3.2.2.2.- Feed Samples and Chemical Composition 
 Representative samples (0.5 kg) of all the ingredients from the three TMR diets 
used were collected, dried, milled, vacuum packed and stored at -20oC until later 
chemical composition analysis using infrared reflectance spectroscopy by NIRS System 
6500 (Foss Analytical, Hillerød, Denmark) realized at the CIAM. Feed samples were 
analyzed for determination of dry matter (DM) content by TGA-601, LECO Corporation, 
St. Joseph, MI 49085-2396. Organic matter (OM), crude protein (CP), acid detergent 
fibre (ADF), neutral detergent fibre (NDF), water soluble carbohydrates (WSC) and 
digestibility in vitro of organic matter (IVODM) were calculated using the equations of 
calibration described by Castro-García (1994).  
 The DM content of silage (grass and maize) and concentrate samples were 
determined weekly to adjust dietary allocation of silage to maintain consistent forage 
to concentrate ratio, 80-70% of forage and 20-30% of concentrate for the two levels of 
supplementation (5 and 7 kg DM/cow/day, respectively). The chemical composition of 
both types of concentrate is presented in Table IV.3.2.2.2. The cereal grain concentrate 
(B, barley) and oilseed (C, cottonseed) were composed of corn flour (B, 43.1 vs. C, 
31.0%), soybean hulls (B, 28.5 vs. C, 34.0%), soybean meal (B, 23.5 vs. C, 20.0%), barley 
flour (B, 1.4 vs. C, 0%), cottonseed (B, 0 vs. C, 12.0%) amender (B, 1.0 vs. C, 1.0%), 
calcium carbonate (B, 1.5 vs. C, 1.0%) and dicalcium phosphate (B, 1.0 vs. C, 1.0%). 
 The three groups were fed indoors with a total mixed grass-maize silage ration 
(TMR) with a grass to maize proportion of 36:64. The forage and concentrate intakes 
were estimated daily as the difference between the amounts offered and rejected by 
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the animals located in each pen. Total intakes of silage and concentrate were of 16.0 
and 4.6 kg DM/cow/day in the C5 treatment, 15.0 and 7.0 kg DM/cow/day in the C7 
treatment and 15.0 and 6.6 kg DM/cow/day in the B7 treatment, respectively.  
 
Table IV.3.2.2.2. Chemical composition of the two types of silage and concentrate 
consumed indoors by the three groups of Holstein-Friesian cows during autumn. 
 Silage   Concentrate 
 Grass  Maize  Cottonseed Barley 
Dry Matter (%) 21.9 34.6  90.4 89.4 
Crude Protein (g/kg DM) 124 76  168 166 
Neutral Detergent Fibre (g/kg DM) 530 423  418 249 
Water Soluble Carbohydrates (g/kg DM) 216 412  342 343 
Crude fat (g/kg DM) nd nd  49 31 
Net Energy Lactation (Mcal/kg) 1.36 1.48  1.59 1.84 
1nd: Not determined. 
 
IV.3.2.2.3.- Animal Measurements, Sampling and Milk Analysis  
 Body Weight and Body Condition Score. Individual body weight (BW) and body 
condition score (BCS) of each animal were recorded twice a month from the start of 
the experiment. BCS was scored by one experienced observer on a 1 to 5 scale (1= 
severe undercondition and 5= severe overcondition) with 0.25 increments following 
the method described by Wildman et al. (1982).  
 Milk Yield and Composition. Milking took place at 08.00 h and 17.00 h daily. 
Individual milk yields (MY) (kg/cow/day) were recorded at each milking by Alprow 
System (Alfa DeLaval, France). Milk protein, fat and urea content were determined 
from two milk samples collected at each cow from two successive evening (Tuesday) 
and morning (Wednesday) weekly milking. Samples, preserved with potassium 
dichromate, were then pooled together and stored at –20°C until later analysis by the 
Laboratorio Interprofesional Gallego de Análisis de Leche (LIGAL) using infrared 
spectroscopy by MilkoScan FT6000 (Foss Electric, Hillerød, Denmark). 
 Milk Fatty Acids Profile. Weekly 500 ml of raw bovine milk were collected from 
the same five dairy cows per treatment (a total of fifteen milk samples were managed 
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per week) for determination of milk FA profile and stored at –20°C until later analysis 
by the Laboratorio Agrario y Fitopatológico de Galicia (LAFIGA) using gas 
chromatography–mass spectrometry Agilent Technologies Model 6890N Network GC 
System following a modification of the extraction method proposed by Bligh and Dyer 
(1959) and taking into account the considerations reported by Fagan et al. (2004). 
 
IV.3.2.2.4.- Statistical Analysis  
 All statistical analyses were carried out by SAS (SAS Institute, 2005). Production 
and chemical composition data were analyzed using a mixed model with treatment 
diets as fixed effects and dairy cows as random effects. Least square means (LSM) and 
standard error of the means (SEM) for the source and level of concentrate used to feed 
dairy cows were calculated for each dependent variable. Mean differences were 
compared using a Tukey’s multiple comparison test and statistical significance were 
declared at p<0.05 for the main effects. 
 
IV.3.2.3.- Results and Discussion 
 Understanding the effects of specific biohydrogenation intermediates on milk 
FA synthesis in the mammary gland of dairy cows depending on forage/concentrate 
source and the proportion of both feeds in the cow diet will be an important issue of 
research in the following years, but not less than the knowledge of their production in 
the rumen. Therefore, further research is required in order to better explain the 
ruminal conditions that promote the formation of biohydrogenation intermediates 
that might responsible of an increased level of CLA and PUFA in milk fat and how 
modifying cows diet can change milk FA profile for a healthier human diet.  
 
IV.3.2.3.1.- Animal Measurements and Milk Performance 
 The treatment effects on animal measurements, MY and milk composition are 
presented in Table IV.3.2.3.1. Body weight (BW) was higher (p<0.05) at the high level 
of supplementation in both B7 and C7 treatments compared to C5 treatment due to 
-402- 
 
higher intake of concentrate in the diet of dairy cows. However, no significant 
differences were found between treatments for body condition score (BCS).  
 
Table IV.3.2.3.1. Effect of feeding cottonseed or barley, at two levels of 
supplementation, on body weight, body condition score, milk yield and milk 
composition of spring calving confined Holstein-Friesian dairy cows during autumn. 





  C5  C7  B7 SEM
2
 C5 vs. C7 C5 vs. B7 C7 vs. B7 
BW (kg) 567  598  605 9.8 * * ns 
BCS (1-5) 2.80  2.78  2.85 0.06 ns ns ns 
MY (kg/cow/day) 15.7  17.9  18.1 0.3 *** *** ns 
Milk protein (g/kg DM) 31.7  30.7  32.7 0.4 ns ns ** 
Milk fat (g/kg DM) 40.8  40.1  42.1 0.8 ns ns ns 
Milk urea content (mg/kg) 130  128  142 15.7 ns ns ns 
1Treatments: Cottonseed (C5, 5 and C7, 7 kg DM cow/day) and Barley (B7, 7 kg DM/cow/day).  
 2SEM: Standard Error of the Mean.  
3p-values: NS, Not significant differences; * p<0.05; ** p<0.01; *** p<0.001.  
 
 MY (kg/cow/day) was higher (p<0.001) at the high level of supplementation 
with both types of concentrate, cottonseed (C7, +2.2) and barley (B7, +2.4), compared 
to the low level of supplementation in the cottonseed treatment (C5, 15.7). However, 
there were no significant differences between concentrate types, cottonseed vs. 
barley, on MY per cow (Figure IV.3.2.3.1.a). This is in contrast to data from DePeters 
and Cant (1992) with dairy cows that showed an increase on MY by feeding lipid 
supplements. Nevertheless, others authors (Schroeder et al., 2003; Rego et al., 2005b; 
Boken et al., 2005; Shingfield et al., 2005) have reported similar effects when the diet 
of dairy cows were supplemented with lipid feed supplements. Supplementing dairy 
cow diets with high amounts of plant oils often cause a drop in feed intake and, 
therefore, MY (Chilliard et al., 2001; Rego et al., 2005b) may be reduced possibly as a 
result of their negative effects on feed digestibility and rumen fermentation (Jenkins, 
1994). In the present study, the groups C7 and B7 consumed similar amounts of 



















































Figure IV.3.2.3.1. (a) Milk yield (kg/cow/day) and (b) milk protein content (g/kg DM) of 
spring calving Holstein-Friesian cows using an indoors feeding regime during autumn. 
Treatments: see Table IV.3.2.3.1.  
 
 Milk protein content (g/kg DM) was lower (p<0.01) at the high level of 
supplementation in the cottonseed treatment (C7, –2.0) compared to the barley 
treatment (B7, 32.7) (Figure IV.3.2.3.1.b). This result agrees with several authors 
(DePeters and Cant, 1992; Beaulieu and Palmquist, 1995; Franklin et al., 1999; 
Shingfield et al., 2006) because feeding dairy cows with lipid feed supplements usually 
decreases milk true protein of ruminants. The decrease in milk protein because of high 
rate of fat intake may be mediated through a decrease in the amount of blood flow per 
unit milk volume, which then results in a change in the delivery of amino acids, 





 Recent studies also demonstrated a decisive role of endocrine signals (from the 
lactogenic hormones hydrocortisone, insulin and prolactin) integrating information on 
nutrient availability and hence modulating protein translation (Burgos et al., 2010). 
 Milk fat, milk urea content and MFD did not show any differences between 
treatments in our study when a TMR basal diet containing 70-80% silage (64% maize 
and 36% grass) and 30-20% concentrate (barley vs. cottonseed) was used to feed 
indoors Holstein-Friesian cows. This agrees with the results of Bu et al. (2007) and 
AbuGhazaleh and Holmes (2007) which reported no effect of dietary lipid feed 
supplements on milk fat content. Other authors (AbuGhazaleh et al., 2002; Rego et al., 
2005b; Shingfield et al., 2006), however, reported a marked reduction in milk fat 
content when dietary lipid supplements are used in the ration of ruminants. Bauman 
and Griinari (2003) have suggested that MFD is related to the direct action on the 
mammary gland of specific FA isomers derived from the ruminal metabolism of dietary 
unsaturated fatty acids (UFA). Baumgard et al. (2002) established that post-ruminal 
infusions of cis-9, trans-12 CLA inhibited de novo milk FA synthesis in dairy cows and 
dietary induced MFD has been related to increased formations of these isomers in the 
rumen (Piperova et al., 2004; Bauman and Griinari, 2003). Trans-10 C18:1 has been 
also reported to be associated with MFD (Shingfield et al., 2006) and concentrations of 
it usually increases linearly with lipid feed supplements where MFD was reported, with 
average values of 2.84 and 7.72 g/100 g of the total FA reported by Loor et al. (2004) 
and Shingfield et al. (2006), respectively. In our study, C18:1did not show any 
differences between treatments and no evidence of MFD were found in our Holstein-
Friesian dairy cows feeding cottonseed at high rate. 
 
IV.3.2.3.2.- Milk Fatty Acids Profile 
 The treatment effect on milk FA profile is presented in Table IV.3.2.3.2. There 
were no significant differences between treatments on C4:0, C6:0, C8:0, C10:0, C12:0, 
C14:0, C16:0, C18:1 and C18:2 cis-9, trans-11 CLA. The C7 treatment (7.83) showed an 
increased (p<0.01) amount of C18:0 (g/100 g of FAME) compared to B7 (6.26). 
However, source of concentrate had no effect on C18:2 content. But as we expected, 
linoleic acid (g/100 g of FAME) was higher (p<0.05) at the high level of cottonseed (C7, 
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2.22) compared to the low level (C5, 1.92). Differences between the C5 and B7 
treatments were also found for linolenic acid, with higher (p<0.01) amount (g/100 g of 
FAME) in the barley treatment (B7, 0.27) than in the cottonseed treatment (C5, 0.24). 
Moreover, higher (p<0.05) levels of linolenic acid were found in the C7 treatment (0.26 
g/100 g of FAME) than in the C5 treatment (0.24 g/100 g of FAME). 
 In the current study, C18:0 concentration increased (p<0.01) with cottonseed 
supplementation as it was reported by Bu et al. (2007) and Loor et al. (2005) when 
linseed was used as a concentrate source to feed dairy cows supporting the C22:6 
effect on TVA accumulation. Milk TVA content averaged between 3.23 (Loor et al., 
2005) and 3.04 g/100 g (Bu et al., 2007) of milk total FA when dairy cows were fed 
linseed oil at 588 and 636 g/day, respectively. Supplementing dairy cows diets with 
lipid feed supplements usually also increases milk trans-11 C18:1 content under 
confinement (Whitlock et al., 2002; Shingfield et al., 2006; Bu et al., 2007) and grazing 
(Boken et al., 2005; Rego et al., 2005b; AbuGhazaleh and Holmes, 2007) feeding 
systems. However, in our experiment there were no differences between treatments 
for cis-9, trans-11 CLA and the levels found in the C7 treatment were in line with those 
reported by Roca-Fernández et al. (2010) in a herd feeding indoors a similar TMR basal 
diet, during spring-summer, to this used in the current experiment. Lower fresh forage 
intake may explain, therefore, the lower concentration of cis-9, trans-11 CLA in milk fat 
from all silage rations instead of the fact that high level of cottonseed was used. Also, 
Precht and Molkentin (2000) highlighted that the average concentrations of RA in raw 
bovine milk in most countries are between 0.40 and 1.00 g/100 g of FAME and these 
values during pasture feeding are twice to three times higher than those during barn 
feeding due to lower proportion of grazed grass in the ration of dairy cows.  
 Flowers et al. (2008) supplementing grazing dairy cow diets with algae and 
linseed reported an increased milk cis-9, trans-11 CLA content without affecting cow’s 
MY. Also, linseed oil supplementation caused a quadratic increase in milk fat and 
protein contents. The increase in milk cis-9, trans-11 CLA content was proportional to 
the amounts of linseed in grazing dairy cow diets. Supplementing grazing cow diets 
with algae and linseed, at up to 510 g/day, improved the nutritional value of milk with 
better FA profile without compromising milk composition or cow performance. 
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Table IV.3.2.3.2. Effect of feeding cottonseed or barley, at two levels, on milk fatty 
acids profile (g/100 g of FAME) of confined Holstein-Friesian cows during autumn. 





 C5  C7  B7 SEM
2
 C5 vs. C7 C5 vs. B7 C7 vs. B7 
C4:0, Butyric acid 14.09  12.24  11.53 1.98 ns ns ns 
C6:0 , Caproic acid 2.05  2.18  2.14 0.09 ns ns ns 
C8:0 , Caprylic acid 1.18  1.22  1.25 0.06 ns ns ns 
C10:0 , Capric acid 2.61  2.64  2.80 0.13 ns ns ns 
C12:0 , Lauric acid 3.02  3.03  3.35 0.16 ns ns ns 
C14:0 , Myristic acid 10.19  10.48  10.36 0.29 ns ns ns 
C16:0 , Palmitic acid 32.95  33.06  33.95 0.76 ns ns ns 
C18:0 , Stearic acid 7.06  7.83  6.26 0.33 ns ns ** 
C18:1 , Oleic acid 16.24  16.97  16.26 0.56 ns ns ns 
C18:2 ,  Linoleic acid 1.92  2.22  2.12 0.08 * ns ns 
C18:2 cis-9, trans-11, CLA 0.35  0.39  0.37 0.02 ns ns ns 
C18:3 , Linolenic acid 0.24  0.26  0.27 0.01 ns ** ns 
SCFA4 19.93  18.28  17.72 1.73 ns ns ns 
MCFA5 46.16  46.57  47.66 1.10 ns ns ns 
LCFA6 25.46  27.28  24.91 0.81 ns ns ns 
Ratio SFA/UFA7 3.98  3.74  3.84 0.18 ns ns ns 
MUFA8 16.24  16.97  16.26 0.56 ns ns ns 
PUFA9 2.16  2.48  2.39 0.09 * ns ns 
1, 2, 3See Table IV.3.2.3.1.  
4Short chain fatty acids (SCFA, C4:0 to C10:0).  
5Medium chain fatty acids (MCFA, C12:0 to C16:0).  
6Long chain fatty acids (LCFA, C18:0 to C18:3).  
7Ratio saturated (SFA, C4:0 to C18:0)/unsaturated (UFA, C18:1 to C18:3) fatty acids.  
8Monounsaturated fatty acids (MUFA, C18:1). 
9Polyunsaturated fatty acids (PUFA, C18:2 to C18:3). 
  
 Loor et al. (2005) reported that milk fat yield decreased by feeding a high-
concentrate diet but this effect was reduced when linseed oil was added to the 
concentrate. When linseed oil was fed yields of C4:0, C6:0, branched-chain FA, C18:0 
and cis-9 C18:1 in milk fat were reduced but yields of various trans- and cis- C18:1 
isomers (not including trans-10 C18:1), trans-11, cis-15 C18:2 and trans- isomers of 
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C18:3 increased. Results, however, indicated that influx of trans-10 C18:1 might affect 
key regulatory steps in the pathway for de novo lipogenesis in mammary tissue when 
cows are fed high-concentrate diets without unsaturated oils.  
 Other trans-FA and a decrease in oleic acid secretion must be considered to 
fully explain the marked depression in milk fat yield with high-concentrate diets 
supplemented with unsaturated oils. Lower C18:0 availability for endogenous synthesis 
of cis-9 C18:1 appeared to be a primary factor reducing milk fat synthesis when 
feeding high-concentrate diets and unsaturated oils. It remains to be determined 
whether a single isomer or a combination of isomers was responsible for lower 
mammary lipogenesis.  
 The linear increase in milk TVA concentration with linseed oil and the 
subsequent conversion of TVA to cis-9, trans-11 CLA by Δ9-desaturase in the mammary 
gland may explain the linear increase in milk cis-9, trans-11 CLA content. However, as 
mentioned earlier, cis-9, trans-11 CLA in milk fat is originated from ruminal 
biohydrogenation of linoleic acid as an intermediate product or from endogenous 
synthesis in mammary gland from TVA (Griinari and Bauman, 1999). The endogenous 
synthesis of cis-9, trans-11 CLA from TVA has been proposed as the major pathway of 
cis-9, trans-11 CLA synthesis in lactating dairy cows, accounting for an estimated 80% 
of the cis-9, trans-11 CLA in milk fat (Mosley et al., 2006). 
 The increase in milk linoleic acid content with cottonseed at high level (C7 
treatment) was relatively small compared with their intake. Similar low increases in n-3 
FA were reported by others authors (Loor et al., 2005; Rego et al., 2005a; Bu et al., 
2007) when n-3 lipid feed supplements were used. This low transfer of n-3 FA from 
feed to milk fat may be explained by extensive ruminal biohydrogenation of linoleic 
acid (Harfoot and Hazlewood, 1997) or by their partitioning toward other tissues 
within the body. Kitessa et al. (2001) also reported that n-3 FA are almost totally 
confined to plasma cholesterol ester and phospholipids, which are poorly taken up by 
the mammary gland (Offer et al., 1999). 
 Despite there were no significant differences between treatments for SCFA, 
MCFA and LCFA, higher values of SCFA and LCFA and lower of MCFA were observed in 
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both cottonseed treatments (C5 and C7) compared to barley (B7). The lowest ratio 
SFA/UFA was observed in the C7 (3.74), with the highest levels of UFA (19.45 ± 0.64 
g/100g of FAME) and MUFA (16.97 ± 0.56 g/100g of FAME). The levels of PUFA (g/100 
g of FAME) were higher (p<0.05) at the high level of cottonseed (C7, +0.36) compared 
to the low level of supplementation (C5, 2.16). The SCFA and MCFA have mainly a 
mammary gland origin in contrast to the LCFA, principally of a dietary origin (Khanal 
and Olson, 2004). Feeding oilseeds, rich in the LCFA, might have exerted an inhibitory 
effect on the MCFA in the mammary gland. Clapperton and Banks (1985) attributed 
80% of this inhibitory action of feed lipid supplements to the increase of the 
absorption of the LCFA. Hansen and Knudsen (1987) attributed this result mainly to the 
increase of the C18:1 isomers concentrations. Both cases could have happened in our 
experiment regarding the results obtained in the C7 treatment due to a more 
increased ruminal biohydrogenation activity of C18:2. 
 Significant main effects on milk FA profile related to the diet were found in our 
study with the highest linoleic acid and PUFA content in milk fat from dairy cows 
supplemented with cottonseed at high level (C7 treatment). Diets with a high 
concentrate to forage ratio fed with unsaturated oils have showed a reduction in milk 
fat production to the largest extent (review by Bauman and Griinari, 2003). 
Nevertheless, in our experiment the proportion of concentrate fed in the diet of dairy 
cows was of 22.33, 31.82 and 30.56% in the C5, C7 and B7 treatments, respectively.  
 Biohydrogenation of PUFA in the rumen is reduced with high-concentrate diets 
causing accumulation of trans-11 C18:1 isomers (Kalscheur et al., 1997; Doreau et al., 
1999). In cows fed high-concentrate diets without (Piperova et al., 2002) or with 
(Griinari et al., 1998; Piperova et al., 2000; Peterson et al., 2003) vegetable oils rich in 
linoleic acid, trans-10 C18:1 content was as high or higher than trans-11 C18:1.  
 Trans-7, cis-9 C18:2 and trans-10, cis12 C18:2, along with cis-9, trans-11 C18:2, 
also increased primarily when the high-concentrate diet was supplemented with oil 
high in linoleic acid (Piperova et al., 2000). Nevertheless, in our experiment there was 
no significant evidence of accumulation of trans-11 C18:1 in milk fat despite the high 
content of PUFA and linoleic acid were found at high level of supplementation with 
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cottonseed (C7 treatment). As dairy cows progressed into lactation, the proportion of 
FA C14:0 or less, C16:0 and C18:2 increased. The proportion of FA C16:1 and C18:1 
decreased correspondingly. This observation is consistent with the utilization of body 
fat for milk synthesis in early lactation because SCFA were expected to be relatively 
lower during fat mobilization. 
 Experiments assessing the effects of concentrate to forage ratio on milk fat 
composition and FA profile of dairy cows have used maize silage alone, alfalfa hay 
alone, maize silage plus alfalfa or grass silage, or maize silage plus mixtures of small 
cereal grain silages (i.e., barley and triticale) as the forage source, with corn grain being 
the primary source of starch in the concentrate mixture (Kalscheur et al., 1997; Griinari 
et al., 1998; Piperova et al., 2000; Peterson et al., 2003). From these experiments, high 
linoleic acid oils (i.e., corn or soybean oil) were the preferred substrate for 
biohydrogenation. In our experiment, average starch content of maize silage was of 
32.47% and the preferred source of concentrate for biohydrogenation was cottonseed 
instead of the fact that the barley concentrate showed a higher percentage of corn 
flour and soybean. According to Chilliard et al. (2001), the type of forage and 
supplemental UFA alter trans-11 C18:1 and CLA isomers in milk fat to varying extents 
in dairy cows. Differences in starch source may account for some of the observed 
variation in the MFD response in dairy cows feeding high-concentrate diets (Bauman 
and Griinari, 2003).  
 
IV.3.2.4.- Conclusions 
 Using a high level of cottonseed or barley, as a concentrate source for feeding 
dairy cattle, gave similar milk yield and milk fat response in an indoors silage feeding 
trial. Including lipid feed supplements (as cottonseed) in the diet of dairy cows can 
improve nutritional and added value of milk, by increasing the linoleic acid and 
polyunsaturated fatty acids levels in milk fat, despite some decrease in milk protein 
content. Modifying the milk fatty acids profile of Holstein-Friesian cows through the 
diet, by supplementation with concentrates containing cottonseeds, could be a good 
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RESUMEN CAPÍTULO IV.3.2. 
 
EFECTO DE LA FUENTE DE CONCENTRADO (SEMILLAS DE ALGODÓN vs. GRANOS DE 
CEBADA) EN LA PRODUCCIÓN DE LECHE Y EN EL PERFIL DE ÁCIDOS GRASOS DE LA 
LECHE DE VACAS HOSLTEIN-FRIESIAN  
 Se estudió el efecto de la suplementación con dos tipos de concentrado, 
semillas de oleaginosas (C, algodón) a dos niveles, bajo (5 kg MS/vaca/día) y alto (7 kg 
MS/vaca/día), y granos de cereales (B, cebada) a baja dosis (5 kg MS/vaca/día), sobre 
la producción de leche (contenido en proteína y grasa) y el perfil de ácidos grasos de la 
leche en tres rebaños (n=36) de vacas Holstein-Friesian de partos de primavera (200 
días en ordeño). Los animales se asignaron al azar a uno de tres (n=12) regímenes de 
alimentación en establo (C5, C7 y B7), usando un TMR (ración total mixta) que 
contenía 70-80% de ensilado (hierba:maíz, 36:64) y 30-20% concentrado. La 
producción de leche (MY) fue mayor (p<0,001) con alta dosis de concentrado en la 
ración (B7, 18,1 y C7, 17,9 kg/vaca/día, respectivamente) que con baja dosis (C5, 15,7 
kg/vaca/día), y las vacas de los tratamientos C7 y B7 fueron las que presentaron un 
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peso vivo más elevado (p<0,05) (B7, 605 y C7, 598 kg, respectivamente). El contenido 
de proteína en leche fue menor (p<0,05) con alta dosis de semillas de algodón (C7, 
30,7 g/kg MS) que con cebada (B7, 32,7 g/kg MS). No se observaron diferencias 
significativas entre tratamientos en el contenido de grasa y urea en leche. 
Semanalmente se registró el perfil de FA de la leche de vaca por cromatografía de 
gases-espectrometría de masas, durante setenta días en otoño, no observándose 
diferencias entre tratamientos en los FA de cadena corta, media y larga. A pesar de 
ello, se obtuvieron niveles más altos (p<0,05) de ácidos grasos poliunsaturados (PUFA) 
y de ácido linoleico en el tratamiento C7 que en C5 (2,48 y 2,22 vs. 2,16 y 1,92 g/100 g 
de esteres metílicos de los FA, respectivamente). La inclusión de alta dosis de algodón 
o cebada como fuente de concentrado para alimentar a las vacas presentó similar MY 
y contenido de grasa en leche. Sin embargo, la ración con alta dosis de algodón mostró 
un descenso en el contenido de proteína y un aumento en los niveles de PUFA. 
Palabras clave adicionales: ácido linoleico, composición de la grasa láctea, ración 


























































 The importance of the study of “Sustainable Milk Production Systems in 
Humid Areas Using Farm Resources” is related to the fact that the European dairy 
sector is now entering in a period of strong competitiveness between and within 
countries and, this offers new challenges to research in order to improve the 
profitability of dairy systems through the application of a low cost pasture-based milk 
production systems, suitable for humid areas as Galicia. Grass is the most important 
agricultural resource for milk production and it may be the pivot around which Galician 
dairy industry is built. Successful dairy farming in temperate regions is due to the 
efficient conversion of grass to milk. Grass when grazed efficiently is by far the 
cheapest feed available on the farm and ensures optimum utilization at the lowest 
cost. Grazing management is a tool with which dairy farmers should provide a supply 
of nutritious herbage over the growing season, avoiding wastage and inefficient 
utilization of grass by the animal and maintaining the productive capacity of the sward. 
The needs of both the animal and the sward have to be considered in order to achieve 
high profitability and sever adverse effects on either should be avoided. Figure V. 
shows some sward and animal factors that influence on intake and milk output, they 
all have been considered in this Thesis with the main objective to give an integrated 
full-view of the grazing system and how interactions between pasture and animal 
condition the efficiency of pasture-based milk production systems.  
 
 
Figure V. Interaction between some factors that influence on pasture dry matter intake 
and milk output of grazing dairy cows at farm level. 
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 Grazing experiments have a large importance in order to provide animal-based 
comparisons of potential new cultivars, supply guidelines for practical grazing 
management at farm level and give us basic information on the biology of grassland 
ecosystems. Plant-animal interactions on pasture are very complex and grazing 
experiments can define input-output relationships that they cannot be quantified 
satisfactorily in laboratory, greenhouse or clipping studies. 
 Measurement of animal performance is often the key objective in grazing 
trials, but quantifying it alone is seldom sufficient to provide an understanding of the 
biological relationships underpinning the animal response. Often, a through 
characterization of sward structure and grass nutritive value  related to grass growth 
and grazing management strategies are required to explain the milk responses 
observed. If results of a grazing trial are to be extrapolated beyond a particular 
experiment or environment, understanding the relationship of animal response, in 
terms of cow characteristics and requirements (taking into account supplements and 






















V.1.- PASTURE INTAKE UNDER GRAZING MANAGEMENT  
 In the future with probable lower milk price and the possibility of increased 
milk production, Galician dairy farmers will have to become more efficient producers 
of milk. Grazing grass in situ at a reasonable level of utilization remains the simplest 
and most efficient method of milk production. With good grazing management 
strategies we can have a long grazing season with high quality feed available for dairy 
cows at low cost (Roca-Fernández and González-Rodríguez, 2011).  
V.1.1.- Sward Measurements and Animal Performance 
 The objective in Grazing Management is to achieve high levels of performance 
from cows at pasture. The two experimental trials (Trial IV.1.1.- CIAM and Trial IV.1.2.- 
Moorepark) included in this section cover the technical aspects of rationing grass to 
the herd over the grazing season in order to achieve adequate SR, HM and DHA for 
average genetic merit Holstein-Friesian dairy cows (at two stages of lactation in the 
Trial IV.1.1.- CIAM) and maintain high sward quality across the grazing season. This 
aim is achieved by using knowledge of farm cover to ration the available grass. That 
should be viewed as allowing dairy cows’ access to enough pasture to satisfy their 
needs without penalizing milk production, not in a restrictive context i.e. underfeeding 
the cows and keeping grass in reserve. This will result in a high daily PDMI, enough to 
cover animal demand throughout lactation. It will also achieve adequate post-grazing 
SH, maintaining high digestibility levels in the re-growths that will keep high sward 
quality on the subsequent grazing rotations. 
 Day-to-day grazing management is driven by post-grazing SH, assessment of 
pre-grazing yields (to achieve a DHA of 20-25 kg DM/cow/day) or sward density and 
ongoing monitoring of daily milk production levels. With compact calving and knowledge 
of the genetic merit of cows, a farm manager would, at each stage of lactation, know 
what the potential of the herd is at each moment of the grazing season. By this means, 
given that the herd calved in the correct BCS, any failure of the herd to achieve its 
potential will be due to the levels of daily intake of nutrients. Post-grazing SH will inform 
of the levels of DHA and consequently daily PDMI. A visual appraisal of the pre-grazing 
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yields and its quality is important. This informs about sward quality (amount of green 
leaf) and levels of grass yields. It is also helpful in farm cover estimation. The proportion 
of the grazing area allocated each day for grazing (i.e. the average area grazed per day 
over a number of days) is an important measure of how much grass is being made 
available. It is also a continual measure of the grazing rotation speed. It should increase 
and decrease slightly with variations in the level of pre-grazing grass yield. However, 
there are limits to the speed with which the rotation length can change because of the 
effect that too long a rest-interval has on pre-grazing grass yield and sward quality.  
 The results indicate that optimum SR, HM and DHA for dairy cows under 
rotational grazing will depend on the PDMI requirements of the cows. High DHA is 
required to achieve maximum PDMI and MY per cow (Butler et al., 2003). However, 
daily milk production varies with lactation stage, and as lactation advances dairy 
cows partition more energy towards body reserves. The effect of DHA on MY may vary, 
therefore, with lactation stage. In practice, advancing lactation stage is usually 
confounded with seasonal changes in sward quality and structure. Nevertheless, 
individual animal performance increased linearly with increasing DHA, reflecting an 
improved PDMI. At the Trial IV.1.1.- CIAM, we have studied the effect of two SR and 
two stages of lactation on cows grazing rotationally independent areas of perennial 
ryegrass and white clover pastures on sward and milk production and quality. Our 
results show that higher DHA will incrementally increase pre- and post-grazing SH 
with an average pre- and post-grazing SH of 14.3 and 5.3 cm vs. 16.4 and 6.4 cm for 
the high SR (4.8 cows/ha) (low DHA, 16.4 kg DM/cow/ha) vs. low SR (3.9 cows/ha) 
(high DHA, 18.5 kg DM/cow/ha) treatments, respectively, as also observed Stakelum 
and O’Donovan (2000). At the Trial IV.1.2.- Moorepark, average pre- and post-grazing 
SH were 11.7 and 4.5 cm vs. 14.4 and 4.7 cm for the low HM vs. high HM, respectively 
(taking  into account the two levels of DHA: low, 15 and high, 20 kg DM/cow/ha). 
 In relation to the Trial IV.2.1.- Pin au Haras, during a PhD stay abroad realized 
at the INRA Experimental Unit “Le Pin au Haras” (France) in 2010, it was determined 
the decrease on SH and MY at paddock level in two rotation cycles (Figure V.1.1.). The 
SH pre- and post-grazing were higher in the paddocks with supplementation at pasture 
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(13.2 and 4.7 cm) compared to those without it (12.1 and 4.1 cm) and the decrease in 















































Sward Height (0 kg DM/cow/day) Sward Height (4 kg DM/cow/day)
Milk Yield (0 kg DM/cow/day) Milk Yield (4 kg DM/cow/day)
 
Figure V.1.1. Effect of supplementation level (0 and 4 kg/cow/day) at pasture on sward 
height and milk yield, using a large residence time, 10 days, on a paddock. 
 Stakelum and Dillon (1990) also reported that a higher GP (6.1 cows/ha) 
compared to a lower GP (3.7 cows/ha) led to lower post-grazing SH (5.7 cm and 11.4, 
respectively). Increasing post-grazing SH above 5 to 6 cm has been shown to result in a 
deterioration of sward quality in mid- and late grazing season (Mayne et al., 1987). The 
lower levels of post-grazing SH to these mentioned above were kept in mind and 
reported at the Trial IV.1.2.- Moorepark for all the grazing season (April-November). 
 On rotational grazing systems, pre-grazing SH is higher than on continuous 
grazing system and can vary during the grazing process as a function of DHA. In 
continuous stocking systems, PDMI increases asymptotically with HM and/or SH (Le 
Du, 1980), with a maximum intake being reached for a SH of 8 to 9 cm. But in 
rotational grazing systems, pre-grazing SH is generally higher than 8 cm but intake per 
bite still increases linearly with increasing SH within the range 8-20 cm (McGilloway 
and Mayne, 1996). PDMI can be depressed by 10-15% when cows are forced to graze 
to a residual SH of 5 cm under rotational grazing systems. This agrees with results from 
Paddock 2 Paddock 3 Paddock 2 Pâddock 1 Paddock 3 Paddock 1 
Rotation 1 Rotation 2 
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Trial IV.1.2.- Moorepark  where the low DHA treatments showed a decrease on PDMI 
(p<0.001) compared to the high DHA treatments in both P1 (low, 14.7 vs. high, 16.5 kg 
DM/cow/day) and P2 (low, 14.1 vs. high, 15.7 kg DM/cow/day). On continuously 
stocked swards, this reduction in PDMI increases to 20% (Ernst et al., 1980).  
 Milk production results showed that pastures grazed to a post-grazing SH in 
the May to June period of 5.5 to 6.5 cm compared to 8 to 8.5 cm achieved a higher 
PDMI (+ 0.8 kg per day) and higher milk production (+ 1.2 kg per day) in the July to 
September period (Stakelum and Dillon, 1990). Additionally both swards, with the 
lower post-grazing SH achieved greater herbage utilization through higher SR. In 
contrast, Pulido and Leaver (2003) reported that a post-grazing SH of 5-7 cm or 7-9 cm 
had no effect on MY (23.9 vs. 24.8 kg/cow/day, respectively). Furthermore, Rook et al. 
(1994) conducted an experiment where cows grazed a continuously stocked sward to 
4, 6 or 8 cm and they showed that MY at the 4 cm SH were 3.9 kg/cow/day lower than 
at 6 cm while those at 6 cm were only 0.9 kg/cow/day lower than those at 8 cm.   
 It has been demonstrated that increasing SH and the density of green leaves 
will increase bite mass and rate of intake (Chacon and Stobbs, 1976). Bite weight is 
greater on dense sward than on more open sward irrespective of the SH. But, on tall 
swards, the offered area is lowered to maintain DHA, and the animals are forced to 
graze in the deep layers. Thus, daily intake is not always positively related to pre-
grazing SH although bite weight increases with height in the first step of the 
defoliation. A decrease in PDMI, at a given DHA, was found with maturing plant 
(similar digestibility 770 g/kg DM) despite the fact that sward height (21 vs. 11 cm) and 
green leaf mass (2.5 vs. 1.5 t OM/ha) were higher for the more mature than for the 
younger one. Under continuous stocking, the interval between defoliation increases 
exponentially with decreased stocking density (Wade and Baker, 1979). At stocking 
densities found on farm, the interval is approximately 15 days with is comparable with 
many rotational systems. Thus, it appears that both systems are on the same 
continuum and there is an optimal range of pre-grazing SH between 8-9 to 12-13 cm. 
Cows grazing very short swards are unable to eat sufficient quantities of DM even if 
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the area of pasture offered is very large whereas on tall rotationally grazed swards, 
other limiting factors may carry on a negative effect on daily intake.  
V.1.2.- Sward Quality: Structural Characteristics and Chemical Composition 
 Well managed early spring grazing can have beneficial effects on sward 
quality as long as it does not affect DM production, in the period up to mid June. 
O’Donovan et al. (2004) compared herbage utilization and milk production on swards 
that were previously allowed to graze in March (6 hour/day) with swards not grazed 
before mid April. Higher post-grazing SH and lower herbage utilization on late grazed 
swards showed that delaying spring grazing leads to large accumulation of herbage 
which can be difficult to graze and makes grassland management more difficult in 
subsequent grazing rotations. In our experiments, at the Trial IV.1.1-CIAM pre- and 
post-grazing SH were higher (p<0.05) in the low SR treatments compared to the high 
SR and at the Trial IV.1.2.- Moorepark pre- and post-grazing SH were higher(p<0.001) 
in the high HM treatments compared to the low HM treatments leading to a lower 
sward quality. Alternative strategies to achieve high PDMI while maintaining low 
post-grazing residuals may include mechanically topping pastures post-grazing 
(Stakelum and Dillon, 1990), adopting a leader-follower grazing system with lower 
producing after higher producing cows (Mayne et al., 1988), the provision of 
supplementary concentrate with intensive grazing, or, in longer term, the development 
of swards that would allow higher DM intakes while at the same time allow the sward 
to be grazed to a low residual SH (Peyraud and González-Rodríguez, 2000). 
  The grazing animal modifies the sward quality. Variable effects of SR on grass 
growth and herbage production have been reported. A high SR of 3.53 cows/ha 
compared to 2.74 cows/ha had a small but variable effect on pasture yield. In the 
initial year of the trial, pasture yield was increased by 2% but it was depressed by 5% in 
the next two consecutive years at higher SR (McFeely et al., 1975). O’Donovan and 
Delaby (2008) also reported that a high SR (greater than 4.6 cows/ha) significantly 
reduced DHA by 0.73 kg DM/cow/day, in the grazing horizon above 8 cm, when 
compared to a sward stocked at a medium SR (less than 5 cows/ha). The results from 
the Trial IV.1.1.- CIAM show that the high SR treatments had the lowest DHA, like in 
-426- 
 
the Irish research (Dillon et al., 1998) where a lower SR significantly increased pre-
grazing HM and also stem content but reduced live leaf content in subsequent periods. 
Furthermore, research carried out in France by Delaby et al. (2003) suggested that 
grass growth and herbage production were lower on a low SR treatment (3.6 cows/ha 
in spring and 1.8 cows/ha in summer/autumn) compared to a high SR treatment (5.6 
cows/ha in spring and 2.6 cows/ha in summer/autumn).    
 Sward structure describes the proportion and relative vertical distribution of 
leaf, stem and dead material in the sward profile (concerning data presented in the 
Trial IV.1.2.- Moorepark). Regardless of previous management imposed, swards form 
an upper leafy canopy of highly digestible material are preferred over a lower layer 
composed of stem and dead material of lower quality. There is a gradient in chemical 
composition from the tip of a leaf to its base, whatever its insertion level (Maurice et 
al., 1997). Both the ADF and NDF contents increase from the top to the base of the 
sward, whereas the opposite occurs for CP content and herbage digestibility 
(Wilkinson et al., 1970; Delagarde et al., 2000; Duru, 2003). Grass digestibility 
decreases from the top to the base of the sward. Delagarde et al. (2000) reported that 
the upper horizons consist of live leaf of high digestibility, while the lower horizons 
contain more stem and dead material (Kennedy et al., 2007; McEvoy et al., 2009). This 
agrees with the results obtained at the Trial IV.1.2.- Moorepark, where leaf yields of   
1 206 and 1 699 kg DM/ha were obtained in the upper horizons (> 4cm) for the low 
and high HM treatments compared to the lower horizons (< 4cm) with average values 
of 569 and 508 kg DM/ha, respectively. The stem and dead yields were also lower in 
the upper horizons (low HM, 221 and 170 vs. high HM, 388 and 304 kg DM/ha) than in 
the lower horizons (low HM, 842 and 912 vs. high HM, 1,047 and 938 kg DM/ha). 
 Grazing pastures in early spring not only ameliorates animal performance but 
also conditions the sward for subsequent grazing rotations. O’Donovan et al. (2004) 
reported that swards first grazed during March had a higher CP (+14 g/kg DM) and 
OMD (+40 g/kg DM) content compared to swards that were first grazed during mid-
April (CP, 198 and OMD, 785 g/kg DM, respectively) after the first grazing rotation. 
Stakelum and Dillon (1990) also indicated that a high GP in spring increased OMD by 39 
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g/kg compared to the sward that had a lower GP applied in spring (756 g/kg DM). 
Green leaf content of the sward was higher (+0.13), while stem and dead proportions 
were reduced (-0.06 and -0.07, respectively). Both experiments are in line with the 
results obtained in our trials, at the Trial IV.1.1.- CIAM an increase on CP content of 
+12.2 g/kg DM has been observed (low SR, 133.6 and high SR, 145.8 g/kg DM, 
respectively) (Figure V.1.2.) and on OMD of +12 g/kg DM (low SR, 722 and high SR, 734 
g/kg DM, respectively) applying the high SR and at the Trial IV.1.2.- Moorepark the 
increases on CP concentrations were of +32g/kg DM in the P1 (low HM, 210 and high 
HM, 178 g/kg DM, respectively) compared to +30 g/kg DM in the P2 (low HM, 212 and 
high HM, 192 g/kg DM, respectively) while on OMD were of +12 g/kg in the P1 (low 
HM, 848 and high HM, 836 g/kg DM, respectively) compared to +7g/kg DM in the P2 
(low HM, 828 and high HM, 821 g/kg DM, respectively) applying the low HM. 
 In the vegetative stages of growth, the protein concentration in grasses 
declines as the plant approaches maturity, also there is a systematic decrease in CP 
from the top to the base of the sward (Duru, 2003), parallel to leaf lamina proportion 
down through the sward profile. Minson et al. (1960) measured a fall of 2.2g/kg 
DM/day of CP between preshooting and full flowering of perennial ryegrass. In all 
forages, leaf blades have near double the CP concentration of the leaf sheath and stem 
fractions. As the stem content of the sward increases, the proportion of structural 
carbohydrates and lignin usually increases but with appropriate grazing management 
practices at farm level is possible to maintain lower NDF (p<0.05) content as happened 
in the P2 at the Trial IV.1.2.- Moorepark at low HM treatments in the upper sward 
horizons (> 4.0 cm), related to lower stem and dead material. Moreover, leaf 
proportion was higher (p<0.001) and dead proportion was lower (p<0.001) at the base 
of the swards, according to the results reported by Curran et al. (2010), in the P2 of 
this treatment using low HM treatments. When a sward grows with low levels of 
legumes the CP content of grass can fall below the 12% in late spring and early 
summer, when the productive animals during the main phase of reproductive stage. 
During this period, half of the herbage consists of stem and some of the leaf is 
senescent (Wilkins and Humphreys, 2003). When CP falls below 70 g/kg DM there is a 
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rapid fall in VDMI (Milford and Minson, 1965) and this deficiency should be overcome 
by applying N fertilizer or feeding a protein supplement. 
 
Figure V.1.2. Effect of stocking rate on seasonal variation in sward quality considering 
three stages of grass growth in mixed pastures (I-Vegetative, leaf; II-Reproductive, 
stem and III-Reproductive, ear emerging) grazed at the Trial IV.1.1.- CIAM in Spain. 
 In temperate grasses, the plant development stage affects seasonal WSC 
concentrations, with a peak in WSC content near the floral initiation stage and again 
during head emergence to antithesis (Radojevic et al., 1994). The WSC concentration 
increased at the start of the main growing season as the plant matured which was 
associated with an increase in stem proportion, reached a peak in late May as heading 
progressed and declined towards the end of the growing season (Smith, 1973; Miller et 
al., 2001). At this stage, swards are usually defoliated for silage in May and 
subsequently WSC concentrations decreased, which is attributed to the use of WSC for 
protein synthesis and plant growth. Waite and Boyd (1953) established that WSC 
accumulated in stubble of perennial ryegrass during stem elongation, then decreased 
during seed-head development, due to the conversion of WSC to starch and its storage 
in the seed. The WSC content of plants is also affected by environmental growth 
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conditions. High light intensity and photosynthetic rate increase sugar content 
(especially sucrose), and high temperature promote increased metabolic rate and 
lower sugar content (Van Soest, 1994). Consequently, marked diurnal variations in 
sugar content occur in living plants, being lowest during early morning and highest in 
late afternoon. In the results of the Trial IV.1.1.- CIAM, WSC decreased progressively 
across the grazing season, from rotation 5 (92.6 g/kg DM) to 1 (225.6 g/kg DM). Also, 
the average content of WSC was higher (p<0.05) in the high SR (161.1 g/kg DM) than in 
the low SR treatments (150.9 g/kg DM), despite differences were not significant.  
 Grazing studies have shown that animals have a strong preference for herbage 
with high concentrations of WSC (Ciavarella et al., 2000). In zero-grazing studies, dairy 
cows offered pasture with high WSC concentrations consumed more DM and 
produced more milk than cows fed grasses with lower concentrations (Moorby et al., 
2001). A high WSC content in grass reduces fibre content provided that the protein 
percent of total DM is maintained; and affects the efficiency with which animals use 
the protein in the herbage (Wilkins and Humphreys, 2003). The WSC concentration is 
negatively correlated with N concentration in perennial ryegrass (Humphreys, 1989b). 
However, reducing the ratio of herbage protein to readily available carbohydrate in the 
diet of ruminants by supplementary feeding can improve the efficiency of protein use 
and reduce the amount of N excreted in urine (Van Vuuren et al., 1993). Miller et al. 
(2001) found a significantly higher MY and DM digestibility from cows grazing cultivars 
bred for high WSC concentrations.  Donaghy and Fulkerson (1997, 1998) demonstrated 
that when perennial ryegrass cultivars are defoliated to a stubble height of 5 cm, with 
all leaf material removed, the plant is reliant on WSC reserves for the first three days 
of re-growth. In the next three days, the emerging leaf begins to photosynthesise 
causing an increase in leaf WSC and the initiation of WSC in the stubble.  
 Laredo and Minson (1975) established that leaves of perennial ryegrass have a 
20% higher VDMI than stems, even though DM digestibilities were only slightly higher 
(67.3% vs. 64.8%). Stem fractions contained higher NDF, ADF and lignin than the leaf 
fractions which may have contributed to the lower VDMI. This VDMI of leaf and stem 
fractions, therefore, decreases as the forage matures. This in line with the results 
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obtained at the Trial IV.1.1.- CIAM where lower CP and digestibility of the swards were 
observed in the rotation 5 compared to the rotation 1 for both the low and high SR 
treatments. Also, the highest levels of FAD and FND were found in the rotation 5 
compared to the rotation 1 due to an increase on dead material. Curran et al. (2010), 
at the Trial IV.1.2.- Moorepark, have reported that the CP and digestibility of the 
swards, when the experimental trial was divided into two periods (P1, April 9 to July 20 
and P2, July 21 to October 31), were higher in the P1 than in the P2. The contrary 
results were observed for FAD and FND, lower in the P1 compared to the P2. 
 The decline in digestibility of perennial ryegrass during spring is associated with 
reductions in CP and readily fermentable carbohydrates and an increase in structural 
carbohydrates (cellulose and hemicellulose) and lignin (which is almost indigestible) as 
the proportion of stem increases (Ulyatt, 1981) associated with lignification as plants 
mature. This has been observed in our experiments, with lower (p<0.05) CP and 
IVOMD in the rotation 5 (105.8 and 677.5 g/kg DM, respectively) compared to the 
rotation 1 (159.5 and 802.9 g/kg DM, respectively) (Trial IV.1.1.- CIAM) and in the P2 
compared to the P1 (Trial IV.1.2.- Moorepark). However, using a high SR (Trial IV.1.1.- 
CIAM) and a low HM (Trial IV.1.2.- Moorepark) it is possible to maintain high (p<0.05) 
levels of CP, WSC and digestibility and low levels of ADF and NDF, at the base and at 
the top of the swards, across the grazing season. A reduction in fibre digestibility is 
accelerated by the lignification of cell walls (Terry and Tilley, 1964) and the proportion 
of the cell wall to the total plant tissue reaches a maximum during inflorescence and it 
is accompanied by a sharp reduction in the digestibility of the cell wall (Wilman et al., 
1977). Cells walls may double in lignin concentration as the tiller matures from 
vegetative to reproductive stage. The distribution of cells with lignified walls differs 
between leaves and stems of grasses. The proportion of the DM that is cell wall 
material in leaves is usually lower than in stems because of the higher percentage of 
unlignified, thin-walled, parenchyma cells and lower content of lignified vascular tissue 
in leaves. The production of cell wall DM increases continuously during growth to more 
mature plant growth stages. As grasses mature the leaf to stem ratio usually decreases 
and hence the relative amount of vascular (lignified) tissue in the whole plant 
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increases. Greenhalgh et al. (1966) reported that PDMI falls by 2.2 kg DM/cow/day 
between the vegetative and reproductive stage. 
 Pasture regrowths usually have a higher proportion of leaf, although this is 
influenced by the stage at which the primary growth was harvested and whether or 
not the inflorescence primordia were removed. Curran et al. (2010) reported from 
data of the Trial IV.1.2.- Moorepark that in the P2 there were higher leaf proportion in 
the upper sward horizons (low HM, 793 and high HM, 750 kg DM/ha) and lower dead 
proportion (low HM, 98 and high HM, 127 kg DM/ha) compared to the leaf and dead 
proportion in the P1 (low HM, 690 and 129 vs. high HM, 662 and 134 kg DM/ha). Thus, 
whilst forage species and variety can affect the chemical and physical characteristics of 
the sward, many of the changes which occur are due to alterations in the stem to leaf 
ratio of the swards as influenced by environment. In Trial IV.1.2.- Moorepark, the 
stem to leaf ratio was lower in the low HM treatments compared to the high HM 
treatments in both the upper and lower sward horizons due to an improve on sward 
quality. Roche et al. (1996) reported that closing date affected sward structure and 
quality as swards with an early closing date had less leaf and more stem. When swards 
are subjected to a long interval between grazings tiller pseudostems are allowed 
excessive time to elongate, the pre-grazing sward canopy becomes too high and it is 
difficult to achieve maximum herbage utilization (Stakelum and O’Donovan, 1998). This 
happened at the Trial IV.1.1.- CIAM higher (p<0.05) herbage utilization obtained by 
applying the high SR (81.7%) than the low SR (78.1%) and also at the Trial IV.1.2.- 
Moorepark higher (p<0.001) herbage utilization was reached applying the low DHA 
(98.0%) compared to the high DHA (89.9%). When spring turnout is delayed, 
undergrazed and reduced sward quality can result during May and June, which leads to 
a marked reduction in the milk production potential of these swards for the remainder 
of the grazing season (Mayne et al., 1997). VDMI declines (0.15 to 0.20 kg/day/week) 
with the age of sward regrowth before the reproductive stage, because the ratio 
between green leaves and stem is not greatly affected. However, Peyraud et al. (2001) 
have reported that between early heading and end of flowering VDMI declines by 0.17 
kg/day per unit of digestibility.  
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 Holmes et al. (1992) reported that high HM swards contained 100 g/kg DM 
more dead material and 51 g/kg DM more stem than the low HM swards (dead 
material: 83 and stem: 171 g/kg DM, respectively). In our results, at the Trial IV.1.2.- 
Moorepark, the high HM swards (at > 4cm) contained 134 g/kg DM more dead 
material and 167 g/kg DM more stem material than the low HM swards (p<0.001). 
Holmes et al. (1992) also postulated that this may have been due to a greater age of 
the plant tissues and/or to a reduced light penetration in the lower grazing horizon. In 
addition, high HM swards shade daughter tillers and caused their atrophy (L’Huillier, 
1987) as may happen in our trial; however, rigorous grazing may also result in tiller 
death (Korte et al., 1984). 
 Early grazing, if not severe, can also result in higher MY when the total number 
of grazing days per unit area is similar or even higher than the number sustained on 
late grazed swards. However, it is necessary to consider that an early turnout could be 
wrong when area available per cow and/or grass growth at this period growth is low. 
In this situation, it will become impossible to have enough grass on the farm to feed 
the cows accordingly to the levels which are meaningful. From a computer simulation 
Delaby and Le Gall (2001) have demonstrated that when 2 500 m2/cow (4 cows/ha) are 
available for grazing, early turnout date (1st March) will reduce the grazing period by 
19 days until early July and will increase the consumption of supplementary feed (+ 85 
kg/cow) compared to a latest turnout date (1st April). Too, a late turnout date will lead 
to an over-supply grass situation and some difficulties with managing tall swards later 
on. In our experiments, the start of the grazing season was not early, on 16th of March 
2007 at the Trial IV.1.1.- CIAM while at the Trial IV.1.2.-Moorepark was on 4th April 
2008 and lasted until 2nd August in Mabegondo (due to months of summer drought in 
NW Spain) while in Fermoy lasted until 31st October (without summer drought in South 
of Ireland). The number of rotations and the length of the rotations were different in 
both trials; in Mabegondo cows had 4-5 grazing rotations of an average 31-28 days per 
rotation for the low and high SR treatments, respectively while in Moorepark cows 
completed 7-10 grazing rotations of average 22-32 days per rotation for the low and 
high HM treatments, respectively. At the Trial IV.1.1.- CIAM average SR was of 3.9 
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cows/ha for the low SR treatments and 4.8 cows/ha for the high SR treatments while 
at the Trial IV.1.2.- Moorepark average SR was of 4.0 and 3.9 cows/ha for the low and 
high DHA treatments, respectively (always looking for a good grassland management). 
On average, the high SR (at the Trial IV.1.1.- CIAM) and the low HM (at the Trial 
IV.1.2.- Moorepark) had one to three more grazing rotations than the low SR and the 
high HM treatments with a difference accumulated in rotations length from an extra 3 
to 10 days per rotation for the low SR and high HM treatments compared to the high 
SR and low HM treatments. 
V.1.3.- Pasture Dry Matter intake and Daily Herbage Allowance 
 PDMI by grazing animals and their performance depends on numerous factors 
affecting sward structure (Wade, 1991). The distribution of herbage within the sward, 
in particular leaf, can influence the ease with which herbage is removed (Stobbs, 1973; 
Penning et al., 1994). Grazing animals select proportions of the sward which have a 
high digestibility (Blaser et al., 1960) and also select the top portions of pastures 
(Hennessy and Ahern, 1967). The upper layers of the sward may be more readily 
available or more palatable than other layers. Under strip-grazing management, 
defoliation of the sward takes place by successive layers from the top of the canopy 
(Wade, 1991). In the early stages of defoliation cows select mainly leaf (> 80%) from 
the uppermost layers of the sward (Chacon and Stobbs, 1976). As animals graze down 
through the sward, selectively removing leaf in preference to stem and dead material 
(Van Dyne et al., 1980), they change both the structure and composition of the sward. 
It has been noticed, however, that PDMI is determined more by sward characteristics 
in the deeper horizons than by characteristics of the highest layers (Parga et al., 2000). 
These authors showed the positive effect on PDMI of a high proportion of green leaf 
material in the lower layers of a sward. In paddocks that were grazed down over 
several days it was observed that daily intake remained constant during the first half of 
the trial period but then declined during the second half (Wade et al., 1989; Penning et 
al., 1994). Pseudostem has been found to act as a barrier to grazing on very short 
vegetative swards for both sheep (Barthram and Grant, 1984) and cattle (Wade et al., 
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1989) with the sheath acting as a barrier to defoliation. This is attributed to a greater 
resistance of this herbage component to cutting and ingestion by grazing animals.  
 When animal performance is highly dependent in pasture intake, the amount 
of green leaf mass offered to the cow appears to be a good predictor of PDMI due to it 
takes into account not only the effect of DHA itself but also the effects of the sward 
state for a given DHA. Changing the green leaves: sheath ratio also affects the ruminal 
fermentation pattern, as leaf material is highly fermentable. Parga et al. (2000) 
reported a lower acetic:propionic ratio in the rumen, thus, leading to a lower fat 
content in milk (36.6 vs. 37.9 g/kg) when cows grazed on more leafy swards. 
Astigarraga and Peyraud (1995) observed a negative effect of leaf sheath height on 
PDMI, with PDMI reduced by 2.1 kg DM/day with increased sheath height (41 vs. 25 
cm) in two swards of similar HM. Similarly, Inoue et al. (1993) observed higher intake 
rates in sheep offered herbage of low leaf tensile and shear strength. Consequently, 
reducing sheath height and leaf tensile strength by appropriate grazing management 
strategies and/or selection of grass varieties may have a role in increasing VDMI of 
grazed herbage while maintaining a low residual SH.  
 Several studies (Greenhalgh et al., 1966; Combellas and Hodgson, 1979; 
Peyraud et al., 1996; Delagarde et al., 2001, 2004; Maher et al., 2003) have 
demonstrated a strong curvilinear relationship between DHA and PDMI. DHA or the 
weight of herbage cut above a sampling height it is often estimated to ground level or 
at a cutting height of 4 or 5 cm, assuming that the material below the cutting height is 
not available for grazing (Greenhalgh et al., 1966). DHA is considered the reciprocal of 
the term GP defined by Mott (1960) but with time element added, and it is highlighted 
as one of the primary factors influencing PDMI. Peyraud and González-Rodríguez 
(2000) reviewed that PDMI increased by 0.25 kg OM/day per kg increase in DHA 
ranging between 11 and 16 kg OM per day (above 4 to 5 cm), on vegetative perennial 
ryegrass swards. When DHA increased above 20 kg OM per day, a much smaller 
increase of 0.05 kg of OM intake was achieved. Delagarde and O’Donovan (2005), 
comparing seven published relationships between DHA to ground level and PDMI of 
grazing cows and they showed an increase of 0.20, 0.15 and 0.11 kg DM per kg DM 
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increase in DHA in the ranges of 20 to 30, 30 to 40 and 40 to 50 kg DM DHA to ground 
level, respectively. 
 The leaf content of the grass is positively correlated with its VDMI (Parga et 
al., 2000). Laredo and Minson (1975) established that the leaves of perennial ryegrass 
had a 20% higher VDMI than the stem fraction, even though the DM digestibilities of 
the leaf were only slightly higher (673 vs. 648 g/kg, respectively). At high levels of 
digestibility, it has been postulated that VDMI is controlled more by the energy 
requirement of the animal and less by the above physical factors, and that intake 
stabilizes at DM digestibilities above 670 g/kg (Conrad et al., 1964). These results were 
obtained, however, with mixed roughage/concentrate diets and these findings do not 
apply to herbage diets, where linear responses have been shown up to 830 g/kg DM 
digestibility (Hodgson, 1977). Nevertheless, digestibility differences in swards are 
mostly associated with changes in sward structure, such as SH, and content and 
distribution of leaf material, sheath, stem or senescent material. These differences 
lead to difficulty in isolating the digestibility effect per se from other differences. 
 The range of variation for DHA generally found in temperature European 
countries, are between 25 to 40 kg DM/day to ground level, which is related to PDMI 
being lower than 80% of the intake capacity, then the cows are far to satisfy their 
appetite. This is one of the reasons why dairy cows are not able to achieve their milk 
potential when fed grass alone. Within this range of DHA, the PDMI increases on 
average 0.15 kg/kg DHA at ground level or 0.20-0.25 kg/kg when DHA is calculated at 5 
cm. Because post-grazing sward height (SH) is a direct function to DHA, the additional 
increase of PDMI with increased amount of DHA, which corresponds to 1 kg/day for 5 
kg DHA, is also roughly equivalent to 1 kg/day for one extra cm in post-grazing SH.  
 The additional increase of PDMI with increased amount of DHA means that 
hardly one fourth of the extra amount of grass offered above 5 cm is actually eaten by 
the cows. This explains why post-grazing SH rapidly increases with increasing DHA. 
Therefore, grazing too leniently in spring to increase DHA and/or cow performance 
results in deterioration of sward quality in mid- to late season and also in a sharp 
reduction in animal performance in subsequent grazing rotations (Mayne et al., 1987). 
Hoogendoorn et al. (1992) has shown increases in the proportion of stem and dead 
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material and reduction in herbage digestibility following lax grazing in early season. 
The implication is that grazing systems designed to maximize individual animal 
performance are inefficient in utilization per ha. Thus, the possibilities to increase 
PDMI by increasing DHA are rather limited on a long term basis and alternative 
strategies must be developed to increase PDMI and milk production from grass. An 
interesting strategy would be to develop sward structures allowing the maintenance of 
a high PDMI together with a low residual SH (McEvoy et al., 2009). 
  On rotational grazing system, because SH will decline during the grazing down 
process as a function of DHA, the herbage availability is mostly determined by the 
plant structure at the bottom of the sward when the animal ceases to eat. Herbage 
availability probably varied not only with herbage height but also with sheath height. 
The positive effect on PDMI of a high proportion of green leaf material in the deep 
layers was clearly shown by Parga et al. (2000). These authors prepared two 
contrasting swards by different cutting regime before measurements. The swards 
differed by the proportion of green material below 15 cm (namely 39 vs. 49%) but had 
the same amount of green material above 15 cm and similar height (12.5 cm). At high 
DHA, PDMI was similar in both swards, but when DHA decreased from 17 to 12 kg OM, 
PDMI was less affected on leafy than on control swards. These results explain why lax 
grazing in early spring, which produces swards with higher content of stem (or lower 
content of green leaves) later in the grazing season, decreases PDMI and milk 
performances of grazing dairy cows (Stakelum and Dillon, 1990; Hoogendoorn et al., 
1992; Fisher et al., 1995). In our trials, this happened also. The PDMI was lower in the 
rotation 5 compared to the rotation 1 at the Trial IV.1.1.-CIAM and in the P2 compared 
to the P1 at the Trial IV.1.2.- Moorepark. 
 For a given DHA, PDMI and animal performance are similar in rotational grazing 
systems in which fresh herbage is allocated on a daily basis or over several days 
(Peyraud et al., 1989). In the latter system, however, there is a marked cyclic variation 
in nutrient intake and daily milk output, as described by Hoden et al. (1991). Dalley et 
al. (1999) reported that working with dairy cows there were no significant differences 
in PDMI or milk production with animals offered fresh herbage allowance either once 
daily, following the morning milking, or in six equal allocations throughout the day. Orr 
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et al., (2001) indicated that in 24-hour paddock grazing systems, total intake and MY 
were increased with cows given a new allocation of pasture following afternoon rather 
than morning milking. The increased nutrient intake associated with an afternoon 
move was attributed to cows consuming a greater proportion of their daily intake 
when the DM and sugar contents of pasture were highest, i.e. in the evening. 
 It is also important the nutrient demand due to when is great, as in the high 
yielding dairy cows, it is reflected in an increase of PDMI, with incremental increases 
in intake averaging 250 g OM per kg expected milk yield (eMY) (Caird and Holmes, 
1986; Peyraud et al., 1996). This additional increase in intake represents about two 
thirds of the net energy requirement for 1 kg of fat-corrected milk when the 
digestibility of the grass is higher than 0.75. This is reasonable agreement with the 
observed milk responses. On ideal grazing conditions, it appears that the relationship 
between intake and eMY is linear up to 40 kg of milk (Delaby et al., 1999b). However, 
on more adverse grazing conditions it was observed a plateau in PDMI for eMY higher 
than 30 kg (Peyraud et al., 1998). Level of intake up to 19 kg OM/day, which allows a 
production of 30-32 kg milk, can be reached during few weeks in the spring when both 
the digestibility of sward and DHA are high. 
 When the seasonal pattern of milk price is favoring autumn and winter calving 
patterns, we found only few data on PDMI just after calving. For spring calving dairy 
cows, PDMI increases from about 12 kg DM at 10 days of lactation to 16 kg at the end 
of the first month, which is not sufficient to meet the energy and protein 
requirements. Moreover, the animal’s capacity to increase intake at the beginning of 
the lactation appears to be largely influenced by the sward conditions. This explains 
why Stockdale and Trigg (1989) observed a higher MR to concentrate in early than in 
late lactation. PDMI at grazing systems appeared then hardly to be affected by the 
stage of lactation after the second month of lactation (Caird and Holmes, 1986). 
 
V.1.4.- Milk Output per Cow and per Hectare 
 Grazing grass can get high milk output per ha, despite a small decrease in 
yield per cow. Since the work of McFeely et al. (1975) in Moorepark, showing that an 
increase SR from 2.74 to 3.53 cows/ha reduced MY per cow by 16% but increased 
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output per ha by 7.8%. McCarthy (1984) found a 7% reduction in output per cow when 
SR was increased from 2.47 to 3.09 cows/ha but a 16% increase in output per ha. 
Similarly, Dillon and Stakelum (1989) showed that increasing SR from 2.63 to 2.94 
cows/ha, reduced MY per cow by 2.9% but increased output per ha by 8.5%. This effect 
of SR is similar to that reported in the review of MacCarthy (1984) but of lower 
magnitude than the effect obtained by McFeely et al. (1975). Hoden et al. (1991) also 
reported that increasing the SR by 29% (3.0 vs. 2.3 cows/ha) led to only a 5% reduction 
in individual animal performance but an increase in MY per ha of approximately 23%. 
In experimental herds, annual production of 15,000 kg/ha milk from grass, with less 
than 500 kg of concentrate, have been reported in the last times (Horan et al., 2005a). 
A recent analysis carried out by McCarthy et al. (2011) including 131 comparisons of SR 
concluded that an increase in SR of one cow per ha results in an increase in MY of 
1,650 kg/ha (i.e. 20%) and milk solids of 113 kg/ha while MY per cow decreases by 1.3 
kg/day and milk protein content by 0.5 g/kg. 
 From results obtained at the Trial IV.1.2.- Moorepark, the highest MY (20.1 
kg/cow/day) was obtained by Holstein-Friesian dairy cows (LH treatment) grazing 
perennial ryegrass swards managed at the low level of HM (1,600 kg DM/ha) and the 
high level of DHA (20 kg DM/cow/day). The highest milk outputs per cow and per ha 
were reached combining low HM and high DHA in the LH treatment (Figure V.1.3.). 
Extrapolated averages of milk output per cow for 305 days were of 7 000, 7 700, 6 800 
and 6 900 kg/cow for the LL, LH, HL and HH treatments, respectively. These differences 
in milk output per cow are related to an improved sward quality because of intense 
grazing of the sward throughout the grazing season. McCarthy et al. (2011) from a 
meta-analysis of the impact of SR on the productivity of pasture-based milk production 
systems have showed that a one cow/ha SR increase resulted in a decrease in daily 
MY, milk protein, fat, lactose and DM yield per cow of 7.4%, 8.2%, 6.3%, 6.8% and 
7.0%, respectively, and an increase in milk, fat, protein, lactose and DM yield per ha of 
20.1%, 21.0%, 16.9%, 16.2% and 18.5%, respectively. In the Trial IV.1.1.- CIAM, the 
lack of significant negative effect of an increase in SR on a decrease in MY per cow was 
consistent with the work of Fales et al. (1995) and the recent findings of Roche (2007). 
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However, milk protein and milk fat content in our study increased by 1.0 and 0.8% for 
spring calving dairy cows and by 4.4 and 4.0% for autumn calving dairy cows, 
respectively. In a historical review of SR experiments, Journet and Demarquilly (1979) 
reported that an SR increase of one cow/ha resulted in a mean reduction in MY per 
cow of 10%, but an increase in MY per ha of over 20%. Results from the Trial IV.1.1.- 
CIAM  show that MY decreased on average by 4.0% and 9.8% for spring and autumn 
calving cows, respectively. McMeekan and Walshe (1963) considered that the 
optimum SR for grazing dairy cows was such that the reduction in MY per cow reached 
a 10% to 12% of the potential production obtained at a low SR and our results are in 
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Figure V.1.3. Effect on herbage mass (L, 1 600 and H, 2 400 kg DM/ha) and daily 
herbage allowance (L, 15 and H, 20 kg DM/cow/day) on milk output (kg) per cow (bar) 













































V.2.- THE GRAZING SYSTEM 
 The production potential of livestock in recent years has resulted mainly from 
improvements in genetic merit or changes in feeding production systems. 
Consequently, potential levels of individual animal performance commonly exceed 
those which can be sustained from pasture only and, thus, the provision of 
supplementary feeds is often required to realize this potential and to maintain 
acceptable levels of reproduction (Dillon et al., 2006; Delaby et al., 2009). The 
provision of supplementary feeds to animals at pasture is normally undertaken either 
to maintain performance during periods of grass shortage or to improve animal 
performance over and above that which can be produced from pasture alone. 
 The feeding system applied also requires consideration in addition to the 
genetic merit of the dairy cow. A number of several studies (McCarthy, 1984; Roche et 
al., 1996; Ferris et al., 2001; Dillon et al., 2002) have examined the role of offering 
herbage to feed dairy cows in early lactation in conjunction with grass silage and 
concentrate at moderate levels. The majority of these studies, apart from that of 
Kolver and Muller (1998), Ferris et al. (2001) and Virkajärvi et al. (2003) have shown 
increased MY and milk composition when dairy cows are given access to pasture in 
early spring. Peyraud et al. (2001) said that theoretically a cow producing 40 
kg/cow/day of milk at turnout is able to produce around 28 kg/cow/day with no 
supplement when offered spring pasture.  
 
V.2.1.- Feeding Supplements at Pasture and Milk Performance 
 Offering supplementation in conjunction with grazed grass grants dairy 
farmers an opportunity to achieve high production per cow and per unit area, being 
the main objective of supplementation at grazing to increase TDMI (Stockdale, 2000; 
Delaby et al., 2001) while simultaneously maintaining a high level of herbage utilization 
(Stockdale, 1995). One of the major difficulties in supplementary feeding at pasture is, 
however, estimating PDMI on a daily basis and hence in determining the level of 
supplementation required to sustain a given level of performance. The figures V.2.1. a, 
b, c and d were made using data from the Trial IV.1.1.- CIAM, during the PhD stay 
abroad realized at the INRA Unité Mixte de Recherche “Production du Lait” in St. Gilles 
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(Rennes, France), we have made an attempt to estimate MY and TDMI by Graze’IN, a 
herbage intake model developed as part of the Grazemore decision support system (in 
which CIAM was involved) based on the INRA Fill Unit System (INRA, 1989), taking into 
account the intake capacity of the cows, the ingestibility of herbage, the expected SRt 
between roughages and concentrates and grazing management practices. For our 
validation the overall precision of the predictions, estimated by the mean prediction 
error (MPE), were 24.2% for PDMI and 12.4% for MY at cow level. Averages TDMI (kg 
DM/cow/day) were of 20.3 (14.2 grass + 8.1 supplementation), 21.8 (13.2 grass + 8.6 
supplementation), 18.9 (14.6 grass + 4.3 supplementation) and 19.3 (13.6 grass + 5.7 
supplementation) for the LS, HS, LA and HA grazing treatments, respectively.  
LA: y = 1,107x - 1,8979
R² = 0,7008
































Predicted Milk Yield (kg/cow/day)
HA: y = 1,0784x - 1,4313
R² = 0,6651
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LA: y = 2,6449x - 24,468
R² = 0,6587




























Total Dry Matter Intake (kg DM/cow/day)
HA: y = 2,0526x - 15,233
R² = 0,4453





























Total Dry Matter Intake (kg DM/cow/day)  
Figure V.2.1. Relationships between actual and predicted milk yield (kg/cow/day) for 
(a) spring and (b) autumn calving cows and actual milk yield and total dry matter intake 
(kg DM/cow/day) for (c) spring and (d) autumn calving cows from the Trial IV.1.1.- 
CIAM in 2007. Treatments: LS (low SR and spring calving), HS (high SR and spring 
calving), LA (low SR and autumn calving) and HA (high SR and autumn calving). 
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 Our results are in line with those reported by Delagarde et al. (2011), using a 
large dataset of twenty experiments from five research centers (IVVO, ARINI, IGER, 
CIAM and INRA) within Western Europe representing 206 grazing herds, with averages 
of actual and predicted values of 13.9 and 14.2 kg DM/cow/day for PDMI and 22.7 and 
24.7 kg/cow/day for MY, respectively. The overall precision of the predictions were of 
2.3 kg DM/cow/day (16%) and 3.1 kg/cow/day (14%) for PDMI and MY, respectively. 
Delagarde et al. (2011) also found that the overall accuracy of Graze’In (MPE=16%) for 
PDMI was in the range reported by Keady et al. (2004) evaluating five intake models 
for dairy cows fed on grass silages (MPE from 10 to 20%). Rook et al. (1990), testing 
several intake models for beef cattle fed on grass silages, reported an average MPE of 
15%, ranging from 8% to 26% according to the model. According to these findings 
although a model precision of 10% would be better for practical use, this threshold 
appears difficult to achieve, particularly in the case of grazing trials. In fact, numerous 
methodological studies have shown that the mean error of PDMI measurement at 
grazing is frequently higher than 10%, corresponding to residual standard deviation of 
intake measurement for grazing dairy cows from 1.0 to 2.0 kg DM/cow/day (Cordova, 
1978; Lantinga et al., 2004). Taking into consideration all these findings Delagarde et 
al. (2011) concluded that the Graze’In model is able to predict variations in PDMI and 
MY of grazing cows in a realistic manner over a wide range of grazing management 
practices, rendering it suitable as a basis for decision support systems. 
 
 Moreover, it is important to determine what type of supplement will best 
balance nutrient requirements of dairy cows under a grazing situation. In order to 
determine this, it is necessary first to estimate the nutrient quality of the pasture. 
Nevertheless, this is a difficult task because of sward quality variation and cow’s 
selection preferences (Hoffman et al., 1993). Animals usually choose leafy material 
unless forced to graze closer to the ground. For example, when forage samples are cut 
near the ground level, protein concentrations will be lower compared to samples taken 
at the height that cows usually graze the swards. Therefore, forage which dairy cows 




 The relatively high levels (1.6 Mcal/kg DM) of NEL found in immature pastures 
are probably due to high digestibility and relatively high lipid content (4-6%) of 
pastures (Polan, 1997). However, insufficient non-fibre carbohydrates (NFC) intake 
and increased energy requirements in grazing dairy cows (10-20%) (Muller et al., 1995) 
due to increased physical activity, are the main reasons why increased milk production 
is generally observed when energy sources are supplemented. This suggests that a lack 
of a high rumen fermentable carbohydrate source in the diet may be the primary 
limiting nutrient affecting milk production in a grazing situation. Therefore, animals 
grazing abundant, high quality, lush pastures should be supplemented with 
concentrates rich in NFC as happened in the Trial IV.2.1.- Pin au Haras to satisfy 
requirements of high producing lactating dairy cows. Energy sources have to be quickly 
and highly degraded in the rumen to optimize N utilization by rumen microbes (Kibon 
and Holmes, 1987; Sinclair et al., 1995).  
 Between dry and medium producing animals, higher PDMI is mostly mediated 
by more grazing time (from 5 to 8 min./kg milk) (Brumby, 1959; Journet and 
Demarquilly, 1979). Data obtained with high producing dairy cows on rotational 
grazing (Rook and Huckle, 1996; Delagarde, 1997) do not support this conclusion and 
indicate that between 20 to 40 kg/cow/day of MY, increase in PDMI is mostly 
mediated through a higher rate of intake while grazing time reaches a plateau at 9-12 
hours per day. This indicates that high producing animals are able to express a higher 
motivation and a more aggressive appetite at grazing as happened at the Trial IV.2.2.-
Hillsborough with the Jersey crossbreed cows compared to the Holstein-Friesian cows.  
 PDMI increases by 1.0 to 1.5 kg OM/100 kg of BW (Peyraud et al., 1996). This is 
mediated by an increase in the rate of intake of 3 g OM/min. per 100 kg BW whereas 
grazing time decreases (-40 min. per 100 kg BW) (Delagarde, 1997) as the size of the 
animal increases. This also appears to be the case between growing cattle differing in 
age and BW when the grazing time decreases by 30 min. per 100 kg BW (Zoby and 
Holmes, 1983). PDMI is decreased by 2.5 OM/day in Normande dairy cows compared 
to Holstein dairy cows. This difference is mainly explained by the difference in MY and 




 It has been suggested that an ideal sward for milk production would have a 
nutrient profile similar to a total mixed ration (TMR) formulated to provide 
appropriate amount of nutrients to satisfy animals’ requirements while at the same 
time having the physical characteristics necessary to stimulate rumen function and 
rumination (Wales et al., 2005). A TMR diet offers control over the nutritive 
characteristics of the diet, when offered in sufficient quantities, it allows animals to 
approach their potential intake, and can provide the nutrient requirements for high 
animal performance. Kolver and Muller (1998) compared the nutritive characteristics 
and animal performance of a pasture-based diet on a mixed grass/clover sward and a 
TMR consumed by HGM dairy cows in early lactation. In comparison with TMR, dairy 
cows consuming grazed grass, even when supplemented with grain, had lower DM 
intake, MY, milk protein and fat concentrations, lost more BCS and had lower BW. 
This agree with the results obtained at the Trial IV.2.2.- Hillsborough for the grazing 
groups (HF-G and Jx-G) compared to the confinement groups (HF-C and Jx-C) in both 
dairy cow genotypes (Holstein-Friesian and Jersey crossbreed). Also, this is in line with 
the results obtained at the Trial IV.2.1.- Pin au Haras for the grazing herds without 
supplementation (F0 and N0) compared to the grazing herds with supplementation at 
pasture (F4 and N4) in both dairy cow genotypes (Holstein-Friesian and Normande). 
  However, it is now well established that dairy cows selected solely on milk 
production have also poorer fertility performances. Therefore, the improvement of 
genetic merit for MY does not appear any more to be the unique objective to consider 
for sustainable pasture-based milk production systems worldwide (Peyraud et al., 
2010). The question of the sustainability of HGM dairy cows and the place of 
alternative breeds for pasture-based milk production systems is being asked by 
researchers (Dillon et al., 2006). Keeping this idea on mind other cow genotypes as 
Normande (in France) and Jersey crossbreed (in Ireland) are now questioned as 
animals more adapted to the grazing system due to higher fertility performances and 
milk quality despite to have lower MY. There is, thus, nowadays strong evidence to 
show that is necessary to investigate more about appropriate dairy cows for successful 
temperate pasture-based milk production systems because of the fact that the dairy 
cattle that are genetically best suited to high-input systems are not best suited to low-
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inputs grazing systems, indicating an interaction between genotype and feeding 
system for milk production (Dillon et al., 2006; Delaby et al., 2009). In the Trial IV.2.1.- 
Pin au Haras high level of MY was reached without supplementation for the two cow 
genotypes (higher for Holstein-Friesian multiparous than Normande primiparous). 
 
V.2.2.- Feeding Strategy in Grazing Systems 
 Dillon et al. (2002) showed over two years that by decreasing the amount of 
grass silage and increasing DHA a greater MY resulted. Although the animals used by 
Sayers and Mayne (2001) and Ferris et al. (2001) consumed an equivalent quantity of 
herbage (3.4 kg DM/cow/day) and concentrate (5.2 kg DM/cow/day) there was a large 
deviation in the quantity of grass silage eaten by the experimental animals. Animals in 
the study of Ferris et al. (2001) consumed 3.7 kg DM/cow/day more of grass silage 
than animals from the Sayers and Mayne (2001) study. This indicates that when 
pasture only represents a small proportion of the diet (≈18%) as in the study of Ferris 
et al. (2001), it has few beneficial effects on MY.   
 Many studies investigating the effect of feeding strategy on dairy cows in mid-
lactation offered concentrate in conjunction with grazed grass (Delaby et al., 2001; 
Bargo et al., 2002; Delaby et al., 2009) have been carried out in the last times, 
however, other studies have shown that a diet comprised solely of grass is sufficient to 
attain high levels of production (O’Donovan et al., 2004). In our experiments, two 
contrasting feeding strategies to feed three cow genotypes were evaluated, at the 
Trial IV.2.1.- Pin au Haras (grazing grass without supplementation vs. grazing grass 
with supplementation at pasture) and Trial IV.2.2.- Hillsborough (grazing grass vs. 
confinement silage feeding).  
 In a study conducted by O’Donovan et al. (2004) cows offered a DHA of 14.3 kg 
DM/cow/day from a sward grazed since early spring had a MY of 21.4 kg/cow/day. In 
an experiment outlined by Horan et al. (2005a) offering a DHA of 30 kg DM/cow/day to 
high production cows in a pasture-based milk production system resulted in a MY of 22 
kg/cow/day. Maher et al. (unpublished data) concluded that a DHA of 23 kg 
DM/cow/day, and no concentrate supplementation, in early summer was sufficient to 
achieve high individual cow and herd milk production levels. This is line with results 
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from the Trial IV.1.1.- CIAM and Trial IV.1.2.- Moorepark where the highest MY was 
obtained by animals grazing swards at 15.9 and 20 kg DM/cow/day with (8.6 kg 
DM/cow/day) and without supplementation, respectively during the grazing season.  
 Most literature reports that increasing concentrate-feeding level increases BW 
and BCS. In an experiment conducted by McNamara et al. (1999) offering 8 kg 
DM/cow/day of concentrate compared to 4 kg DM/cow/day significantly reduced BW 
loss in early lactation. This agree with results from the Trial IV.2.1.- Pin au Haras where 
0 and 4 kg/cow/day were compared. Moreover, Kolver and Muller (1998) found that 
high yielding grazing dairy cows lost more BW and BCS than cows offered a TMR as 
happened in the Trial IV.2.2.- Hillsborough where only grass was fed by the grazing 
groups and a TMR with silage and concentrate was fed by the confinement groups. 
Horan et al. (2005b) reported that both strain of Holstein-Friesian and feed system had 
an effect on BW. The New Zealand strain had the lowest BW while animals 
supplemented with concentrate had higher BW. Walker et al. (2001) concluded that, 
on balance, the BW and BCS data obtained in experiments suggested that body 
reserves increased with the feeding of concentrates. This also agrees with the results 
obtained from the Trial IV.2.1.- Pin au Haras and Trial IV.2.2.- Hillsborough. Cows 
generally gained less or lost more BW and BCS as both supplementation and DHA are 
reduced. This also agrees with the results obtained from the Trial IV.1.1.- CIAM and 
Trial IV.2.2.- Moorepark because the highest BW and BCS were observed in the groups 
with the highest DHA.  
 Peyraud and González-Rodríguez (2000) quoted the work by Delaby et al. 
(1999a) where concluded that feeding concentrates always increases BW gain. In 
their experiments the mean slope was 60 g BW gain per day per kg of concentrates 
DM. Furthermore, Dillon et al. (1997) showed that average daily BW loss was 
significantly reduced and BW gain was significantly increased as concentrate level 
increased. This was also observed in the experiment carried out by Delaby et al. 
(2009). Stakelum (1986) reported that the high DHA groups gained more BW per day 
than the low DHA groups (0.49 vs. 0.16 kg/cow/day). Delaby et al. (2001) carried out a 
series of experiments over three years, with three or four levels of concentrate by two 
levels of DHA and found a linear relationship for BW change, for pooled data from 
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three experiments, of 66.3 g/cow/day for each kg concentrate DM fed. The authors 
concluded that the input of concentrate favors BW gain, while non-supplemented 
dairy cows are characterized by variations in BW that are sometimes negative. These 
findings might explain the results obtained at the Trial IV.2.1.- Pin au Haras and Trial 
IV.2.2.- Hillsborough.  
 
 Intake should Match Cattle Needs. Also the stage of lactation influences the 
quantity of herbage consumed by animals and hence the resulting grazing severity. 
The PDMI of lactating cows is reported to be 25-50% greater than non-lactating cows 
(Jones et al., 1965). From data reported at the Trial IV.1.1.- CIAM comparing two 
stages of lactation, we have observed that TDMI was the highest (p<0.05) in the 
spring calving (21.1 kg DM/cow/day) compared to the autumn calving (19.1 kg 
DM/cow/day) Holstein-Friesian cows. Moreover, the highest SR had the highest 
TDMI (20.6 kg DM/cow/day) despite the lowest PDMI (13.4 kg DM/cow/day) due to 
more level of supplementation at pasture in the spring calving Holstein-Friesian dairy 
cows. DM intake is at its lowest level directly post-partum (Ingvartsen and Andersen, 
2000). The increase in intake from week 1 post-partum to time of peak intake has 
been reported to vary between 2 and 111% (Bines, 1979). Stakelum and Connolly 
(1987) reported that DM intake decreased from 18.1 in early May to 16.7 
kg/cow/day in mid-September (126 days later in lactation). Maximum PDMI 
occurred at approximately 130 days post-calving. Kertz et al. (1991) and Ingvartsen 
and Andersen (2000) have reported that maximum intake occurs between weeks 8-
22 of lactation. Given the variability in DM intake throughout lactation, DHA will have 
to be adjusted accordingly in order to achieve the desired grazing severity that would 
condition swards for subsequent grazing rotations.  
 
 Buckley et al. (2003) reported that in a seasonal pasture-based milk 
production system, it is necessary to maintain BCS at 2.75 or greater during the 
breeding season and BCS loss should be restricted to a maximum of 0.5 units between 
calving and first service in order to avoid detrimental effects on reproductive 
performance. Ruegg et al. (1992) did not find a relationship between MY and days to 
conception or services per conception, but cows losing more than 0.75 of a BCS on the 
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1–5 scale (Lowman et al., 1976) needed more days before conception occurred. From 
our trials a BCS of 2.75 was also desirable during the breeding season to achieve high 
reproductive performance. In addition to the influence of negative EB during the early 
weeks post-partum, recovery of daily EB from its most negative appears to provide an 
important signal for the initiation of cyclic ovarian activity (Beam and Butler, 1999). 
The number of days to EB nadir is positively correlated with the number of days to first 
ovulation (Canfield et al., 1990; Canfield and Butler, 1991; Beam and Butler, 1997). 
 
 In a comparison of first, second and third lactation cows, Horan et al. (2005b) 
found that third parity animals recorded the highest milk production post-calving and 
at peak but the lowest persistency, and the inverse was true for first parity animals. 
These results agree with our findings at the Trial IV.2.1.- Pin au Haras where the 
highest MY and the highest MY max. were reached by the multiparous cows compared 
to the primiparous animals in both cow genotypes (Holstein-Friesian and Normande). 
Moreover, the Dm at each grazing cycle was higher in the multiparous cows compared 
to the primiparous cows. Wood (1969) demonstrated that persistency is reduced going 
from parity one to parity two resulting in a reduction in MY of 8%, but a higher peak 
milk production resulted in a 19% increase in total milk production (or a net increase in 
production of 11%). This is line with the results obtained from the trials carried out 
during this Thesis when both parities were considered. 
 
 Quality of Supplements to Feed at Pasture. From studies reported by Polan et 
al. (1986) it can be concluded that high levels of corn supplementation (7.3 kg 
DM/cow/day) have only modest effects on MY, under good pasture management 
conditions, in comparison to cows supplemented with low (3.6 kg DM/cow/day) or 
medium levels (5.5 kg DM/cow/day) of corn in the diet. Cows supplemented with the 
highest levels produced more milk than the other two treatments (24.8 vs. 23.4 and 
23.8 kg/day, respectively). Similar results were obtained by Hoffman et al. (1993) when 
corn was supplemented at the rate of 1 kg DM/cow/day of concentrate per 4 to 5 
kg/cow/day of MY, with a maximum of 10 kg and a minimum of 4 kg (Holden et al., 
1994). Polan et al. (1986) did not find any differences in milk fat (33.4 vs. 32.5 g/kg 
DM) and protein content (31.3 vs. 32.1 g/kg DM) between cows supplemented either 
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with 5.5 or 7.3 kg DM/cow/day of corn, respectively. However, cows supplemented 
with 3.6 kg DM/cow/day of corn had a higher milk fat content (35.3 g/kg DM). In the 
study of Hoffman et al. (1993), milk fat was not significantly different between cows 
supplemented either with 1 kg DM/cow/day of concentrate per 3 kg/cow/day of milk 
or 1 kg DM/cow/day of corn per 4-5 kg/cow/day of milk. However, milk protein 
content (30.0 vs. 30.6 g/kg) was lower in dairy cows supplemented with 1 kg 
DM/cow/day of concentrate per 3 kg/cow/day of milk produced.  
 
 As previously mentioned, generally corn supplementation to grazing cows will 
have a negative effect in milk fat content (Polan et al., 1986; Hoffman et al., 1993; 
Polan and Wark, 1997). Consequently, the idea of supplementing with high fibre 
concentrates instead of high starch concentrates was suggested by Meijs (1986) and 
Kibon and Holmes (1987). Two studies were conducted where barley (high-starch 
supplement) was compared to beet-pulp (high-fibre supplement) (Kibon and Holmes, 
1987; Fisher et al., 1996). No significant difference was observed in milk production 
between treatments. However, milk fat content tended to be higher when cows were 
supplemented with sugar beet-pulp than when the supplement was barley. Low levels 
of supplementation (5 and 3 kg DM/cow/day) were fed in these trials, which may 
explain why little differences were observed in milk fat content between treatments. 
At the Trial IV.2.1.- CIAM there were differences (p<0.001) in milk fat content between 
treatments, the lowest levels were found in cows supplemented with 4 kg/cow/day of 
concentrate using starch (447 g/kg DM) compared to cows without supplementation. 
 
 Amount of corn supplemented to grazing cows will not only depend on milk 
production or HM, but also on sward composition. Several authors (Smith, 1973; 
Ulyatt et al., 1988; Waghorn et al., 1989; Steg et al., 1994; Beever and Thorp, 1996; 
Polan, 1997) concluded that legumes are generally a better protein and energy source 
and are more digestible than grasses. As a result, less corn supplementation may be 
needed when legumes are abundant for grazing to support milk production (Polan, 
1997). This was confirmed by Harris et al. (1997) when fed a mixture of fresh perennial 
ryegrass and different proportions of white clover (20, 50 or 80% DM according to the 
treatment) ad libitum to lactating dairy cows. MY for dairy cows on the 50% clover diet 
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was 18% greater than yields for cows on 20% clover. However, no significant difference 
was observed between 50 and 80% clover content in the diet. When the same diet was 
restricted to 75% of the metabolizable energy requirements, MY was still higher for 
cows fed the 50 and 80% clover diets. This means that when cows were fed ad libitum, 
the increase in milk production for cows with 50 and 80% clover in their diets were due 
to an increase in DM intake (11%) and to an increase in the nutritive value of the diet. 
However, any increase in MY when dairy cows were restricted could only have been 
due to the nutritive value of the clover, since intakes were not different.  
 
 Milk Composition in Response to Supplementation. In another study Wilkins et 
al. (1994) compared MY and composition in cows grazing pastures of ryegrass and 
different contents of white clover (1, 15, or 20% of the total DM as clover). Cows were 
supplemented with 0, 2 and 4 kg DM/cow/day of concentrate. Milk production was 2 
to 3 kg/cow/day higher for cows grazing the medium clover content pasture than cows 
grazing the lower clover content pasture. In contrast, differences in MY were only 0.07 
to 0.7 kg/cow/day for cows grazing the high vs. medium clover content pastures. No 
significant effect was observed in milk fat and lactose content between treatments. 
However, milk protein content was significantly lower when cows grazed the lower 
clover content pasture (284 vs. 302 and 297 g/kg, respectively). The results from this 
study showed that mean daily yields of milk, fat, protein and lactose presented a 
greater response to increasing concentrate level on cows grazing swards with lower 
clover content compared to swards with medium or high clover content.  
 
 In our Trial IV.1.1.- CIAM and Trial IV.1.2.- Moorepark the highest milk protein 
content was observed more in function of sward quality, with the highest SR and the 
lowest HM treatments, despite a lower clover content in the pastures. Fresh herbage 
would appear to supply adequate amounts of protein for intake and milk production 
up to a daily milk production of 35 kg/cow/day (Journet and Demarquilly, 1979). The 
response to supplementary protein is, however, dependent on PDMI and its protein 
content relative to cows’ requirements. Feeding concentrate with low degradable 
protein increases PDMI when dairy cows grazed on swards with CP content well below 
140 g/kg DM (+0.8 kg per kg of concentrate) (Delagarde et al., 1999). This could be 
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related to a better N nutrition status of the animal as duodenal N flow was sharply 
increased. It could also be related to an alleviation of a shortage of degradable protein 
in the rumen (from recycling urea) as both ruminal ammonia and fibrolytic activity 
increased. In contrast, supplementing dairy cows with protected meal did not affect 
PDMI on swards with a CP concentration higher than 160 g/kg DM (Delagarde et al., 
1997). As a consequence, MR to N supplement is higher on low N swards than those 
obtained with high N swards (Delaby et al., 1996). 
 
 Taking into account all these findings it is highlighted that the provision of 
supplementary feeds at pasture can be a useful management tool, either to maintain 
animal performance during periods of grass shortage or as a means of improving 
individual animal performance above that which can be sustained from pasture alone 
as happened in the Trial IV.1.1.- CIAM (where the amount of concentrate fed by dairy 
cows was reduced progressively across the grazing season in both spring and autumn 
calving herds) and in the Trial IV.2.1.- Pin au Haras (where two groups of cows were 
supplemented across the grazing season with 4 kg/cow/day of concentrate in both 
cow genotypes, Holstein-Friesian and Normande). In situations of grass shortage, 
herbage SRt are generally low and wide range of supplements can be used, with the 
key factor being value for money in terms of energy cost. In contrast, where the 
objective is to improve animal performance and grass supply is adequate, choice of 
supplement becomes much more critical, given the major variation between 
supplements in SRt. With data of the Trial IV.1.1.- CIAM, we have elaborated a grass 
feed budgeting for spring and autumn calving Holstein-Friesian dairy cows, presented 
in the implications section of this Chapter V, in order to maximize grazed grass across 
the grazing season and minimize SRt due to strategic supplementation with silage 
(grass and maize) and concentrate throughout lactation to satisfy cow needs. 
 
 Regarding other previous works realized the studies with different amounts of 
concentrate were grouped into two categories: 1) those with cows producing more 
than 28 kg/cow/day at the beginning of the experiment regardless of stage of lactation 
or with less than 90 DIM, and 2) those with cows producing less than 23 kg/cow/day of 
milk and more than 160 DIM. In the first group, cows ranged from 40 to 182 DIM, 
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produced from 28.3 to 45.8 kg/cow/day of milk at the beginning of the experiment, 
grazed temperate pastures with 398 to 561 g/kg NDF, and the amount of concentrate 
fed ranged from 0 to 10 kg DM/cow/day. MR ranged from 0.60 (Sayers, 1999) to 1.45 
kg milk/kg concentrate (Gibb et al., 2002). Combining those five studies and after 
considering the study random effect (St-Pierre, 2001), the significant linear regression 
between MY (kg/cow/day) and concentrate DM intake (CDMI, kg/d) was: MY=22.20 
(SE 0.87) + 1.03 (SE 0.06) CDMI (r2=0.95), indicating an overall MR of 1 kg milk/kg 
concentrate. In the second group, cows ranged from 180 to 211 DIM, produced from 
19.4 to 22.3 kg/cow/day of milk at the beginning of the experiment, grazed temperate 
pastures with 537 to 648 g/kg NDF, and amount of concentrate fed ranged from 0 to 
10.4 kg DM/cow/day. MR ranged from 0.76 (Robaina et al., 1998) to 1.09 kg milk/kg 
concentrate (Sayers, 1999). Combining those three studies and accounting for the 
random effect of each (St-Pierre, 2001), a significant quadratic regression was found 
between MY (kg/cow/day) and concentrate DM intake (CDMI kg DM/cow/day): MY= 
12.92 (SE 0.36) + 1.23 (SE 0.16) CDMI − 0.04 (SE 0.02) CDMI2 (r2= 0.94), indicating a 
decrease in marginal MR as the concentrate DMI increased. The intercepts (12.9 vs. 
22.4 kg/cow/day) show the differences in stage of lactation and may also indicate 
differences in genetic merit between the two groups; however, these two factors are 
confounded. From these findings it was concluded that milk production of high 
producing dairy cows in early lactation increases linearly as the amount of concentrate 
increases from 1.8 to 10 kg DM/cow/day with an overall MR of 1 kg milk/kg 
concentrate. Milk production of high producing dairy cows in late lactation, however, 
increases as the amount of concentrate increase cows but with a lower marginal MR 
per kilogram of concentrate. Delaby et al. (2009) have reported from data of the Trial 
IV.2.1.- Pin au Haras between the period 2001-2005 that the MR is slightly higher 
than classically observed (Kennedy et al., 2003; Horan et al., 2005a), from 1.2 to 1.4 
kg of milk per kg DM concentrate.   
 
V.2.3.- Cow Genotype, Animal Behaviour and Milk Production System 
 
 Cow Genotype and Milk Production System. Among the factors responsible of 
milk production at grazing is important to take into consideration the potential genetic 
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of the dairy cow. Results from the Trial IV.2.1.- Pin au Haras and Trial IV.2.2.- 
Hillsborough showed that the Holstein-Friesian dairy cows produced more milk than 
the Normande and Jersey crossbreed cows did when animals were fed at pasture (with 
and without supplementation). Also, from our results at the Trial IV.2.2.- Hillsborough 
we found that the Holstein-Friesian cows showed higher MY compared to Jersey 
crossbreed cows in a confinement milk production system, with no grazed grass at all 
offered to cows and high levels of silage and concentrate in the ration. The highest MY 
at the Trial IV.2.1.- Pin au Haras was obtained by dairy cows feeding supplements at 
pasture (Figure V.2.2.) as other authors previously reported (Hoden et al., 1991; 
Delaby and Peyraud, 2003), with the highest MY max. reached at day-4 and the lowest 
Dm reached at day-10 for a long residence time (10-days) in a given paddock, higher in 
Holstein-Friesian cows compared to Normande cows. At the Trial IV.2.2.- Hillsborough, 
the highest MY was obtained by dairy cows in the confinement milk production system 
compared to those at grazing, higher also in the Holstein-Friesian cows than in the 
Jersey crossbreed cows as Ferris and Vance (2010) reported.  
F4: y = -0,0678x + 2737,9
R² = 0,9526
N4: y = -0,0666x + 2686
R² = 0,9745
H0: y = -0,0772x + 3107,8
R² = 0,9076































Pin au Haras, 2001-2009 Holstein-Friesian (4 kg DM/cow/day)
Normande (4 kg DM/cow/day)
Holstein-Friesian (0 kg DM/cow/day)
Normande (0 kg DM/cow/day)
 
Figure V.2.2. Effect of concentrate at pasture (0 and 4 kg/cow/day) and cow genotype 
(F, Holstein-Friesian and N, Normande) on milk yield (kg/cow/day) for the four groups 
of cows at the Trial IV.2.1.- Pin au Haras during the period 2001-2009 in France. 
Treatments: F4 (Holstein-Friesian + 4 kg/cow/day), N4 (Normande + 4 kg/cow/day), F0 
(Normande + 4 kg/cow/day) and N0 (Normande + 0 kg/cow/day). 
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 Cow Behavioral Activities. Dairy cows at pasture display temporal patterns of 
grazing behaviour according to the results obtained from the Trial IV.2.2.- 
Hillsborough, i.e. there is a distinct pattern in behaviour over time (O’Connell et al., 
1989; Linnane et al., 2001). In both cow genotypes the main grazing bouts occurred 
after each milking in the grazing groups, with the evening bout appearing to be more 
prolonged compared to the confinement groups. One factor influencing bovine grazing 
behaviour may be exposure to daylight and in particular at dawn and dusk animals at 
pasture are more likely to be standing and grazing (Linnane et al., 2001). Dairy cattle 
have a distinct diurnal grazing pattern, which includes a major meal beginning 
approximately at sunrise. Furthermore, cattle are crepuscular, meaning that they are 
most active at sunrise and again at sunset (Albright, 1993). Thus, nighttime grazing 
represents a small percentage of the total daily grazing time and contributes minimally 
to the daily PDMI (Stockdale and King, 1983). In a study conducted in New Zealand 
with identical twins, almost 85% of the total grazing time was spent during daylight 
and only 15% during darkness (Albright, 1993). Furthermore, the ratio of grazing to 
loafing to lying down was of approximately 5:2:2 during daylight compared to 1:1:8 
during darkness. Similar patterns were observed by Rook et al. (1994) using lactating 
cows. In this study, 88% of the grazing time occurred during the 17 hours of daylight 
with peaks of grazing activity in mid morning and late evening. Approximately 56% of 
the available daylight was spent grazing with the larger meal during the evening. Rook 
et al. (1994) suggested that this pattern of grazing may have been an optimal foraging 
response to an increase of digestible nutrients in the forage at this time due to the 
photosynthesis process in plant leaves which occurred during the day. However, it 
should be noted that large evening meals have been observed in species whose food 
does not show such diurnal variation and other mechanisms may also, therefore, be 
operating (Rook et al., 1994). 
 
 O’Connell et al. (1989) reported that the return from milking also stimulated 
feeding behaviour in dairy cows at pasture and this agrees with our findings at the 
Trial IV.2.2.- Hillsborough. This happens also with dairy cows that are kept in the 
confinement system (DeVries et al., 2003). However, the number of animals feeding at 
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any one time in our trial was limited by access to six Calan gates in the confinement 
groups. However, in housing systems, feeding behaviour is additionally stimulated and 
modulated by delivery of fresh feed (O’Connell et al., 1989; DeVries et al., 2003; 
DeVries et al., 2005). The percentage of dairy cows in our trial feeding indoors 
remained relatively constant throughout the day compared to the grazing groups, 
except for the period prior to fresh feed being offered. In fact, O’Connell et al. (1989) 
found that the temporal pattern of behaviour of a group of cows changed dramatically 
between lactating at pasture and non-lactating in cubicle housing. These authors also 
concluded that this was due to restrictive feed space allowance and disruption of 
normal behaviour due to an artificial lighting pattern. When a competitive situation 
exists at the feed bunk, dominant cows typically spend more total time feeding than 
cows of lower social rank, resulting in greater feed intake. Some level of competition 
within a group of cows is inevitable; even under conditions of unlimited access to feed; 
dairy cows interact in ways that give some an advantage over others (Olofsson, 1999).  
 
 Stocking density at the feed barrier has a direct impact on feeding behaviour, 
with lower feeding times corresponding to a higher stocking density (Huzzey et al., 
2006). This is due to increased aggression at the feed bunk (Grant and Albright, 2001; 
DeVries et al., 2004; Huzzey et al., 2006). In general, low ranking cows are displaced 
more often from the feed rail at high stocking densities (Huzzey et al., 2006). DeVries 
et al. (2005) found that by increasing the number of times feed was delivered low 
ranking cows were not displaced as often, which indicates feed availability has an 
impact on feeding related aggressive behaviour. Thus, in order to maximize VDMI, 
provision of both feed and space is necessary. In addition, when competition 
increased from one to four cows per feeding station, a higher proportion of the feed 
consumption occurred during the night. The cows also spent a smaller proportion of 
time standing during the night with greater competition for feed. As level of 
competition increased, cows of low social rank tended to adjust behaviors to a greater 
extent than did the more dominant cows. Instead of feeding, the subordinate cows 
were observed standing and lying more often around milking time, when feeding 
would have been preferred. Additionally, as space is reduced, there may be a greater 
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risk of increased feeding rate and associated risk of metabolic problems such as 
abomasal displacement and subacute ruminal acidosis (DeVries et al., 2004). The 
industry standard for feeding space has been 60 cm per cow. With this amount of 
feeding space, 66 to 70% of dairy cows in a group may eat simultaneously (DeVries et 
al., 2004). DeVries et al. (2004) evaluated the impact of increasing space from 50 to 
100 cm per cow. They observed a 60% increase in space between cows, 57% fewer 
aggressive interactions while feeding and a 24% increase in feeding activity during the 
90 minute following fresh feed delivery.  
 
 One reason for a change in a behavioral activity may be an underlying health 
problem, i.e. an infected cow shows lower than normal levels of rumination (Rutter 
and Austin, 1995). However, housing and management systems can play a part in 
causing or exacerbating various conditions that cause behavioral change, for 
instance, O’Callaghan et al. (2003) found lower daily activity levels in lame than sound 
cows, as a result of lameness caused by poor housing conditions. Cows have a 
preference as to the substrate they lie on and they will adjust total daily lying time 
according to the available bedding (Tucker et al., 2003). At the Trial IV.2.2.- 
Hillsborough, the main lying period with the grazing groups was after morning grazing 
bout was finished (09.00 – 11.00 h) while the main lying period with the confinement 
groups was during the period after morning milking. In dairy heifers managed outdoors 
climate has showed effect on behaviour, with higher climatic energy demand values 
corresponding to a greater incidence of lying and ruminating (Redbo et al, 2001).  
 
 Time spent lying is greatly influenced by the quality and quantity of bedding 
material; lying times increases with the amount of bedding provided (Manninen et al., 
2002; Tucker and Weary, 2004), and softer bedding corresponds to longer lying times 
(O’Connell and Meaney, 1997). Preference tests show that dairy cows are able to discern 
between the qualities of various types of bedding (Tucker et al., 2003) and cubicles 
that have a more uneven lying surface are used for fewer minutes per day than those 
with a level surface (Drissler et al., 2005). Jensen et al. (2004) have also demonstrated 
that dairy cows have a very strong motivation to rest, and that this motivation to rest 
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increases as the length of rest deprivation becomes greater. In fact, lying behavior has 
a high priority for dairy cattle after relatively short periods of lying deprivation. Cows 
have a definite requirement for lying down that they attempt to achieve, even if it 
means giving up some feeding time. Indeed, the majority of time that a dairy cow is 
not feeding should be spent lying (Overton et al., 2002).  
 
 Several studies have shown that management factors that interfere with 
resting inevitably reduce feeding behavior. Metz (1985) evaluated what cows would 
do when access to either rest (stalls) or feed (manger) was prohibited. Cows attempt 
to maintain a rather fixed amount of lying time and their well-being is impaired when 
lying time is restricted for several hours (Metz, 1985). Within 10 hours, approximately 
50% of lost resting activity has been recouped in most cases. When lying and feeding 
are restricted simultaneously, cows choose to rest rather than eat, with an additional 
1.5 hours/day standing time associated with a 45 minute reduction in feeding time 
(Metz, 1985). A similar relationship was observed by Batchelder (2000) where dairy 
cows with a stocking density of 130% preferred using free stalls versus feeding post-
milking and spent more time in the alley waiting to lie down than feeding when 
compared with a stocking density of 100%. Similar responses in dairy cows have been 
observed in a recent study by Hill et al. (2006) at 130% and 145% stocking density.  
 
 Choose the Best Cow for Grazing. Data from the Trial IV.2.2.- Hillsborough 
showed that breed had no significant effect on any of the behaviors recorded instead 
of the fact that lower MY, BW and BCS was observed in the grazing groups (HF-G and 
Jx-G) compared to the confinement groups (HF-C and Jx-C) in both cow genotypes. The 
objective in the future will be to have grazing animals expressing their ability to 
produce milk primarily by a good persistency of the lactation and with a moderate 
peak of lactation and this might give a challenge for using other cow genotypes apart 
from the Holstein-Friesian cows as the Normande cows in France according to the 
results presented at the Trial IV.2.1.- Pin au Haras or the Jersey crossbreed cows in 
Northern Ireland taking into consideration the results from the Trial IV.2.2.- 
Hillsborough. Nevertheless, more investigations have made in order to establish the 
type of cow more adapted to the grazing system. This will limit the energy deficit and 
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associated pathological troubles at the beginning of lactation while making lactation 
management on grassland easier. In theory, the most efficient animal is that which 
produces the maximum of milk per kg of BW because the needs for maintenance are 
then diluted in a higher level production, thus, giving theoretical advantage to small 
animals as Jersey crossbreed dairy cows in Northern Ireland.  
 
 Several studies have reported that Jersey cows are more efficient at converting 
grass DM into milk solids than Holstein cows. Grainger and Goddard (2004) reported 
that production efficiency is 6% higher in Jersey than in Holstein dairy cows. Thomet 
and Kunz (2008) supported that the smaller cows are more effective in terms of 
production per ha because they make it possible to increase the SR. It is advisable, 
thus, in the future to reconsider the interest of the dual-purpose dairy breeds which 
may produce 6 000 - 7 000 kg of milk per lactation mainly from grass with very low 
amount of concentrates such as Normande in the Trial IV.2.1.- Pin au Haras. 
Pregnancy rates are higher with Normande and Jersey crossbreed cows than with 
Holstein-Friesian dairy cows (Dillon et al., 2003; Delaby et al., 2009; Ferris and Vance, 
2020). Moreover, dual-purpose breeds ensure a greater stability because of the double 
source of income (milk and meat). The economic comparisons of various systems 
(Evans et al., 2004; Delaby and Pavie, 2008) does not show a clear advantage for 
specialized milk production systems compared to systems using a dual-purpose breed 



































V.3.- MILK QUALITY: THE FATTY ACIDS PROFILE  
 In pasture-based milk production systems, the composition and functional 
properties of dairy cow’s milk are of considerable importance to the dairy farmer, 
manufacturer and consumer. Basically, there are three options for altering the 
composition and/or functional properties of milk: cow nutrition and grazing 
management, cow genetics and dairy manufacturing technologies. At farm level 
manipulation of milk composition only occurs when it is perceived to be more 
profitable, normally, processing options are the option most considered. Hence, 
opportunities exist for manipulation of milk composition at farm level to improve the 
human and physiological properties of milk and dairy products, such as enhanced 
concentrations of CLA, or to improve its composition for more efficient processing into 
a range of dairy products. This Thesis considered the effects of dairy cow nutrition and 
grazing management on the production and composition of milk protein, fat and FA 
profile of raw bovine milk; furthermore, the research work undertook highlights the 
relevance that these effects, in the context of an integrative-view, may play on the 
feeding systems used in Galicia.   
V.3.1.- Grazing Grass and CLA Content on Milk 
 Dairy cows in grazing grass as a forage source produced milk fat with 
significantly higher concentrations of rumenic acid (RA), considered as the levels of 
CLA, and PUFA than did dairy cows fed with conserved forages (grass and maize silage) 
according to the results obtained in the Trial IV.3.1.- CIAM. Also, the concentrate 
source to feed animals, as cottonseed, showed significantly higher levels of linoleic 
acid and PUFA than dairy cows fed with cereal grain based concentrates according to 
the results from the Trial IV.3.2- CIAM. The results of Kelly et al. (1998b) and Lock and 
Garnsworthy (2000) showed that fresh grass produce higher levels of CLA and UFA 
than conserved forage or cereal grain based concentrates. However, the reported 
responses of CLA to a change in nutritional management on pasture-based milk 
production systems are highly variable. This variation is dependent of changes in the 
FA concentration and composition of the basal diet. A number of studies have 
confirmed that pasture feeding can increase in the short term milk fat CLA 
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concentrations in dairy cows when changed from an indoor winter feeding regime to a 
spring grazing system (Heck et al., 2009) and that milk fat CLA content increases with 
increasing proportions of pasture in the diet (Stanton et al., 1997; Kelly et al., 1998a; 
Dhiman et al., 1999). The CLA-enriching effect of pasture has been attributed to the 
effects on biohydrogenation and the provision of α-linolenic acid as a lipid substrate 
for the formation of TVA in the rumen and its subsequent desaturation to cis-9, trans-
11 CLA in the mammary gland (Bauman et al., 2003).  
 Dhiman et al. (1999) reported that animals receiving all of their daily feed as 
pasture produced higher milk CLA content (g/100g of FAME) (2.21) than cows receiving 
only one-third (0.89) or two-thirds (1.43) of their daily diet as pasture. These results 
are in line with the Trial IV.3.1.- CIAM, we found that the levels of PUFA (g/100 g of 
FAME) were higher (p<0.001) at the 100% grazing treatment (G, 3.75) compared to the 
50% grazing and 50% silage (G/S, 3.25) and 100% silage (S, 3.26) feeding treatment 
(Figure V.3.1.). The CLA content was higher (p<0.001) when the proportion of fresh 
grass in the diet of dairy cows was increased from 100%silage to 100% grazing, with 
average values of 0.49, 0.82 and 1.14 g/100 g of FAME for the S, G/S and G treatments, 
respectively. The increased proportion of grass in the ration of both studies showed an 
amount of CLA twice or three times higher in the milk fat content of dairy cows with 
50% grazing and 50%silage (G/S) and 100% grazing (G) in the diet compared to 100% 
silage (S) feeding. 
 The levels of milk FA showed seasonal variation according to changes in sward 
quality. In summer the CLA content was three times higher in milk from dairy cows 
100% grazing (G) than in spring from those feeding 100% silage (S). Also, the CLA content 
was twice higher in summer for the G/S group compared to spring for the S group at the Trial 
IV.3.1.- CIAM. Collomb et al. (2001) reported seasonal variation on the concentration 
of TVA and CLA in milk fat of dairy cows grazing in Switzerland due to changes in 
pasture composition. Furthermore, Collomb et al. (2008) presented a significantly 
lower concentration of SFA (–8.6%) and higher contents of MUFA (+19.9%), PUFA 
(+21.7%), CLA (+70.1%) and trans FA other than CLA (+56.7%) in summer than in winter 
raw bovine milk. Both summer and winter milk from mountains did not significantly 
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differ with respect to the contents of branched, n-3 and n-6 FA. However, the content 
of the main n-3 FA (α-linolenic acid) was significantly higher in the summer milk than in 
winter milk and this was positively correlated with increasing proportion of fresh grass 
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Figure V.3.1. Effect of forage source on conjugated linoleic acid content (g/100 g of 
FAME) in milk fat from Holstein-Friesian dairy cows at the Trial IV.3.1.- CIAM in 2008. 
 The weekly seasonal variation on Dutch raw bovine milk FA profile in 2005 was 
reported by Heck et al. (2009). However, using the dataset based on Heck’s work, 
during my stay of doctorate in The Netherlands the figures presented above were 
elaborated with the aim of looking for seasonal variation in SFA, UFA, MUFA/PUFA and 
CLA content on a weekly-basis. The highest levels of UFA were found in summer and 
the lowest in winter, the contrary tendency was observed in the levels of SFA (Figure 
V.3.2.a). The MUFA/PUFA ratio showed similar pattern to that described by the SFA 
while the CLA content had a similar distribution to that in the UFA (Figure V.3.2.b).  
 Stockdale et al. (2003) reported a positive linear relationship between 
unsupplemented PDMI (2-4 kg DM/cow/day with 100 kg BW) and concentration of 
CLA in milk fat (12-16 g/kg DM). Also, they found that the concentration of CLA in milk 
fat and total yield of CLA varied quadratically with the amount of cereal grain based 
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g/kg in unsupplemented cows to 10 g/kg in milk fat when cows were supplemented 
with cereal grain based concentrates at 6 kg DM/cow/day, but increased to 14 g/kg 
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Figure V.3.2. Seasonal variation on (a) saturated and unsaturated and (b) mono- and 
poly- unsaturated fatty acids ratio and conjugated linoleic acid content in milk. Fatty 
acids: SFA, Saturated; UFA, Unsaturated. CLA cis-9, trans-11: Conjugated Linoleic Acid. 
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 The reduction of CLA when increase supplementation and decrease grazed 
grass, has been consistent across a number of experiments (Dhiman et al., 1999; 
Precht and Molkentin, 2000; Stockdale et al., 2003). This response is associated with 
increased yields of milk and milk protein, but the yield of milk fat is depressed. 
MacGibbon et al. (2001) reported that the average concentration of CLA in milk 
samples, obtained from commercial dairy herds located in pasture-based milk 
production systems of New Zealand, varied from 7 to 15 g/kg in milk fat and these 
values were dependent upon time of year and amount of feed supplement. Walker et 
al. (2004) observed a similar range in average concentrations of CLA to those of 
MacGibbon et al. (2001) in milk fat obtained from commercial dairy herds located in 
the irrigated pasture-based milk production systems of Northern of Victoria. Up to a 
three-fold variation in the content of CLA between sites within a collection period was 
observed in both studies.  
V.3.2.- Supplementation with Oilseeds and CLA Content on Milk 
 Supplementing dairy cows grazing pasture with lipid feed supplements rich in 
linoleic (cottonseed) and/or linolenic acids (linseed), instead of cereals, seems that 
consistently increased the concentrations of CLA and UFA in milk fat (Lawless et al., 
1988; Kay et al., 2002; Ward et al., 2003). Milk yield, fat and protein were not affected 
by treatments in the study of Lawless et al. (1998), but milk fat production declined by 
25% in the study of Kay et al. (2002). Increasing the ME intake of dairy cows by 
supplementation with cereal grains (barley), as might have happened in the Trial 
IV.3.2.- CIAM, increased the rates of production of microbial protein and of propionate 
relative to acetate in the rumen (Latham et al., 1974). As the digestible lipid 
concentration of this source of concentrate was low, the supplementation strategy 
used increased the ratio of amino acids and glucose relative to that of acetate and 
LCFA in the circulation, giving as a result an increased rates of milk protein synthesis 
and a lesser degree of milk fat in the mammary gland (Sutton, 1989; Sutton and 
Morant, 1989). Consequently, MY (18.1 kg/cow/day) and milk protein content (32.7 
g/kg DM) increased significantly in our B7 indoors feeding regime during autumn, 
while milk fat content (42.1 g/kg DM) did not decrease as animals were not fed with 
high cereal grain intakes and lipogenesis in the mammary tissues did not decrease 
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leading to milk fat depression (Palmquist et al., 1993). Walker et al. (2001) reported a 
significant reduction in MY and fat in grazing dairy cows when the level of 
supplementation with cereal grain concentrates increased from 9 to 11 kg 
DM/cow/day and this was the 50% of the diet, higher than in our treatment (7 kg 
DM/cow/day) where concentrate represented only the 15% of the diet.  
 Supplementing dairy cows grazing grass with both LCFA and cereal grains can 
reverse the general trend to reduction in milk fat concentration often caused by 
supplementing with cereal grains alone. In the Trial IV.3.1.- CIAM, using cottonseed as 
supplements it was found a higher decrease in milk fat content at the grazing 
treatments (G, 37.4 g/kg and G/S, 38.3) compared to the silage treatment (S, 39.6 g/kg 
DM). King et al. (1990) reported a decrease in milk fat concentration (40.2 vs. 43.6 g/kg 
DM), but no change in milk fat yield, when Jersey x Holstein-Friesian dairy cows in early 
lactation, grazing highly digestible pasture, were supplemented with 3.3 kg 
DM/cow/day of barley. In the same experiment, the inclusion of 0.5 kg LCFA/cow/day 
with the barley supplement in the experiment restored milk fat concentration to the 
control level and increased the yield of milk fat (1.13 vs. 1.01 kg/cow/day). 
 Preservation of herbage by drying or ensilation is reported to lower the 
concentration of both the total and PUFA and LCFA in DM (Dewhurst et al., 2003b). 
Not all diets that increase intakes of 18C FA are effective in increasing the 
concentration of CLA in milk fat, with exceptions reported by Chouinard et al. (2001) 
who obtained only a modest response to feeding cows silage made from high oil corn 
and by Noftsger et al. (2000) who observed no response to feeding dairy cows 
cottonseed duet to the heat treatment during processing (expanded/expelled whole 
cottonseed), which protected the oil from biohydrogenation in the rumen. However, 
cottonseed can also contain malvalic acid and the presence of this compound, along 
with sterculic acid, an inhibitor of ∆9-desaturase in the mammary gland and other 
tissues (Corl et al., 2001), might also explain the lack of response. 
 Optimizing mammary desaturase activity to modify milk fat composition has 
the advantage of allowing utilization of naturally available lipid feed supplements, 
such as oilseeds, with much less processing than is required to protect lipid 
supplements from hydrolysis and hydrogenation in the rumen. Although being cheap 
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to implement, it has the disadvantage of being highly dependent upon producing 
feeding conditions than maintain the capacity of the rumen to digest fibre (Jenkins, 
1993). However, intakes of digestible lipid in a TMR may reach 40-50 g/kg DM without 
significantly reducing the capacity of the rumen to digest fibre or DM intake. This 
compares with approximate intakes of digestible lipid of 17-30 g/kg DM for dairy cows 
grazing temperature pastures according to the results reported by several authors 
(Elgersma et al., 2004a; Walker et al., 2004). Furthermore, intake of digestible lipid is 
reduced when cows fed pasture are supplemented with cereal grain based 
concentrates, since the concentration of lipid in wheat and barley may be half that of 
pasture. This suggested that it may be possible to increase the intake of digestible lipid 
by cows grazing grass and supplemented with cereal grain based concentrates without 
affecting rumen function or DM intake; however, this needs to be tested and a project 
using legume supplements have already started at CIAM. 
 Diets that result in milk fat depression, MFD, have the potential to reduce the 
beneficial responses to supplementation of dairy cows with vegetable or marine oils. 
However, supplementing dairy cows grazing pasture with high levels of cereal grain 
based concentrates or feeding with high levels of cereal grain as part of a TMR, did not 
always lead to MFD. Additional factors appear to be required to predispose the rumen 
environment to increased production of 18C FA containing the trans-10 double bond. 
One of these factors appears to be a low rumen fluid pH (Kalscheur et al., 1997; 
Piperova et al., 2000; Kucuk et al., 2001). This suggested that nutritional and 
management strategies at farm level should be devised to avoid reductions in 
productivity and cow health associated with feeding supplements of PUFA and cereal 
grains to cows grazing pasture. 
 Dairy cows on pasture-based diets derive FA, the major component of milk 
lipids, from the diet/rumen microorganisms (400-500 g/kg), from adipose tissues (<100 
g/kg) and from de novo synthesis in the mammary gland (500 g/kg) (Palmquist and 
Jenkins, 1980). Nevertheless, total intake of ME, the composition of the diet and stage 
of lactation affect the relative contributions of these sources of FA to milk fat 
production (Palmquist et al., 1993) and, therefore, the composition of FA within both 
the fat globule and its membrane (Anderson and Cawston, 1975; Grummer, 1991). 
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 An increase in intake of digestible lipid by dairy cows is usually achieved by 
supplementing with a vegetable oil, as the free oil or as whole or processed seed, 
and/or by increasing their intake of highly digestible pasture. Cereal grains generally 
have low concentrations of digestible lipid (10-32 g/kg DM) while oilseeds, such as 
cottonseed, contain about 200 g triglyceride/kg DM (Shaffi et al., 1992). Fresh grass 
can have up to 50 g/kg DM total lipid; although on poor quality swards more than half 
of this can be indigestible cuticular waxes and pigments (Van Soest, 1982). Conserved 
forages, such as grass or maize silage or hay, usually have a lower concentration of 
digestible lipid compared with the original fresh grass because of peroxidation of PUFA 
during conservation and storage (Dewhurst et al., 2003b). The digestible lipids 
consumed by dairy cows grazing pasture and/or fed supplements of cereal grains, 
oilseeds or maize silage are high in PUFA. The digestible lipid in temperature pasture 
species mainly consists of membrane lipids high in linolenic acid with average values in 
pastures of Lolium perenne L. and Trifoilum subterraneum L. of 560 and 651 g/kg of FA, 
respectively (Walker et al., 2004) whereas that of maize silage, cereal grains (75 
barley:25 wheat) and oilseeds (cottonseed oil) diets largely dependent of linoleic acid 
with average values of 503 (Walker et al., 2004), 398 (Walker, unpublished data) and 
478 g/kg FA (Jenkins, 1998), respectively. Nevertheless, the FA composition of 
pastures is dependent upon species, variety and growing conditions and, therefore, 
proper grazing management strategies implemented at farm level might play a major 
role on sward FA profile and subsequently on milk FA profile (Shafii et al., 1992; 
Dewhurst et al., 2003a). Dairy cows grazing lush green pastures (Dewhurst et al., 
2003a; Elgersma et al., 2003; Khanal and Olson, 2004) at a high DHA (Elgersma et al., 
2004b) produce milk fat with the highest concentrations of CLA but considerations 
have to be made to these assumptions in terms of grazing management due to graze 
swards at high DHA produce a deterioration on sward quality (Curran et al., 2010). 
 Lactating dairy cows fed a TMR ad libitum can consume up to 40-50 digestible 
lipid/kg DM in the total diet (i.e. 30-40 g supplemental LCFA/kg DM) without 
significant reductions in DM intake or in the capacity of the rumen to digest fibre 
(Palmquist, 1988). Up to this level of inclusion, dairy cows can absorb LCFA from the 
small intestine with a high true digestibility, with SFA and trans MUFA LCFA absorbed 
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less efficiently than cis MUFA or PUFA LCFA, and the cows’ total ME intake is normally 
increased. This usually results in increased milk fat concentration and yield, although 
milk protein concentration may be reduced according to several authors (Palmquist 
and Jenkins, 1980; Wu and Huber, 1994). When the total intake of digestible lipid 
exceeds 40-50 g/kg DM; the digestion of fibre in the rumen and absorption of LCFA in 
the small intestine may fall, with the extent of the response varying with both the 
amount of lipid and its degree of unsaturation (Palmquist and Jenkins, 1980). The 
combined effect of these factors may be sufficient to reduce the cows’ intake of both 
ME and metabolic protein (MP), resulting in a reduction in milk fat concentration and 
production, despite a higher in intake of digestible lipid by the cow (Banks et al., 1984). 
 Diets high in NDF are associated with an increased rate of production of 
lipogenic VFA, with the change in the ratio of VFA leading to increased milk fat 
concentration. Increases in the ratio of acetate to glucose and/or the concentration of 
amino acids in blood are associated with an increase in milk fat concentration (Sutton, 
1989). However, excessive intake of NDF can limit feed intake, resulting in reduced 
availability of metabolites for milk production and a reduction in milk solids 
production. Requirements for NDF by cows in pasture-based milk production systems 
are not clearly defined because of differences in the chemical and physical 
characteristics of NDF in different pastures and the concept of physically effective 
fibre, used in systems based on TMR, does not seem to apply to pasture-fed cows. Due 
to the biohydrogenation and the synthesis of lipids by microorganisms in the rumen, 
the FA leaving the rumen are usually high in SFA and MUFA, particularly in stearic 
acid and TVA (Noble, 1981) Nevertheless, as the biohydrogenation is incomplete, 
smaller and more variable amounts of oleic acid, linoleic and linolenic acids leave the 
rumen, with the concentration of these dependent on composition of the diet and 
level of intake of the cow (Kemp et al., 1975; 1984a, 1984b; Kemp and Lander, 1984; 
Beam et al., 2000). The action of ∆9-desaturase in the mammary gland converts a high 
proportion of stearic and TVA to oleic acid and cis-9 trans-11 CLA, respectively (Griinari 
et al., 2000). Consequently, milk fat in cows supplemented with oilseeds rich in PUFA 
tends to have higher concentrations of stearic, oleic, TVA, linoleic acid and cis-9 trans-




























V.4.- OTHER RESEARCH TRIALS 
 Under this section we present some results and a short discussion of other 
research trials carried out during this Thesis and related with the main trials described.  
V.4.1.- Assessment of Pasture on Offer, Sward Quality and Grazing Management  
 The pasture DM intake has been shown to be the most important issue for 
consideration since early studies and it increases linearly up to values of 830 g/kg OMD 
(Hodgson, 1977). However, factors that affect sward chemical composition (CP 
content, WSC, fibers and digestibility, etc.) as SR (Trial IV.1.1.- CIAM) and other factors 
that control sward structure (distribution of leaf/stem and live/dead fractions within 
various horizons of the sward) as HM and DHA (Trial IV.1.2.- Moorepark) were 
investigated in our studies. We have also determined the PDMI and animal 
performance taken into consideration all these factors. An asymptotic relationship 
between PDMI and SH has been reported, with PDMI increasing up to a “critical” SH 
and decreasing thereafter (Milne and Fisher, 1994). In view of the relationship 
between SH and PDMI, SH can be considered as a useful management tool to assess 
grass availability and to control grazing management. However, SH can be measured by 
different ways and it is important to specify which measure is used when determining 
optimum SH for growing cattle:  
(a) Sward Surface Height (SSH): is the vertical height of an undisturbed sward 
 using a sward stick (Gibb et al., 1997). 
(b) Extended Tiller Height (ETH): is determined as the height of an individual tiller, 
 or the mean height of a group of tillers, extended in the vertical plane (Hodgson 
 et al., 1971). 
(c) Sward Plate Height (SPH): is determined when a plate, which usually weights 
 430 g, with a surface area of 0.9 m2 and exerts a pressure of 4.5 kg/m2, is just 
 compressing the sward (Hoden et al., 1991). Mainly used in our experiments. 
(d) Residual Sward Height (RSH): is the grass height after grazing in a rotational 
 grazing system (Mayne et al., 1987) and is used as a management tool to 
 determine grazing severity. 
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 As each of these methods, i.e. SSH, ETH, SPH or RSH, will give different 
measurements of the same sward, then the method used need to be specified. The 
effects of SH on animal performance cannot be considered in isolation, a management 
of the sward throughout the season will affect sward quality and ultimately animal 
performance. In the studies by Wright and Whyte (1989) and Swift et al. (1989), 
animal performance was reduced by increasing SH from 9 to 11 cm, while Steen 
(1994) did not observe any detrimental effect on animal performance. This was 
attributed to the fact that the swards were topped in late June and this prevented the 
build up of stemmy, low digestibility herbage which would occur in longer swards. The 
detrimental effect of lax grazing in early season on animal performance later in the 
season has been reported in beef cattle (Carlson et al., 2002), sheep (Birrell and 
Bishop, 1980) and dairy cows (Mitchell and Fulkerson, 1987; Mayne et al., 1988), and 
emphasizes the need for tight grazing of spring grass swards to maintain quality. 
Mayne et al. (2000) recommended that in the spring, SSH should be maintained at 7-8 
cm to prevent the build up of stemmy and low digestibility grass. Once the risk of 
seedhead development has passed, the SSH can be allowed to increase to 10-11 cm. 
However, it should be noted that, under comparable management conditions, animals 
grazing autumn pastures have lower PDMI than those grazing spring pastures (Marsh, 
1975) and regrowths of herbage have lower PDMI characteristics than primary growths 
(Hodgson et al., 1977). 
V.4.1.1.- Measuring Herbage Mass by Non-Destructive Methods 
 In the review of many experiments made during this Thesis, post-grazing SH 
estimations were compared poorly correlated with production, especially when the 
residue is short due to soil surface roughness combined with the a heavy weight of the 
rising-plate on a short stubble (Murphy et al., 1995). Stockdale (1984) suggested also 
the aspect of trampling as the major factor that may preclude the rising-plate meter 
from general use in dairy cattle research. Then, Stockdale and Kelly (1984) concluded 
that cutting quadrants was the best way to estimate post-grazing HM when it is 
unevenly trampled, or to estimate the proportion of the sward that is trampled and 
apply different regressions to each proportion. In the other hand, as plant density can 
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increase in local areas, with greater number of stems, this may result in a sward which 
would provide local resistance to the plate, which is allowed to settle onto it. 
 Many studies have shown that the use of indirect methods to obtain a measure 
of HM, using standardised equations are not representative in different conditions 
and situations because of variations in pastures, management and climate (Frame, 
1993). Sanderson et al. (2001) obtained low correlation coefficients with pasture ruler, 
rising plate meter and capacitance meter on grass-legume pastures in three farms of 
north east USA, using commercial calibrations of New Zealand. These authors 
suggested that an error level upper from 10% could be statistically acceptable, but 
economically inaccurate. Given the inherent spatial and temporal variability of 
pastures, it may be difficult to achieve an error lower than 10%, however, some 
authors found that local calibrations can reduce error to 10% (Rayburn and Rayburn, 
1998; Unruh and Fick, 1998). Experimental error due to the sampling method 
constitutes a source of variation. In this way, the sensibility of an instrument varies 
with the spatial work scale, the sampling area and the modus operandi (Hutchings, 
1991). Aiken and Bransby (1992) observed differences in measurements of the same 
grass bulk and the representative sampling area by four different observers, being 
them another source of variation. Variability between observers makes suggest that 
meter readings for calibration and for pasture measurements should be taken by the 
same operator (Earle and McGowan, 1979). 
In our review, we found that all the methods considered for HM determination 
are associated with a moderate to high error, showing that some indirect methods of 
pasture yield estimation are appropriate under certain conditions. The best 
relationship was found in manual instruments, from higher value of visual obstruction 
technique (r2=0.78) followed by plate meters (r2=0.74), pasture rulers (r2=0.72) and 
sward sticks (r2=0.69) (Table V.4.1.1.). The worst correlations were found in electronic 
meters, from capacitance meters (r2=0.68) to canopy analyzer (r2=0.78). In general 
terms, no method was found as the most appropriate because many factors as climate 
variations, soil characteristics, plant phenology, pasture management and species 
composition, then local calibrations should be made from a general model.  
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 Table V.4.1.1. Best regression models found in the literature review for herbage mass 
estimation (López-Díaz et al., 2011). 
Meter Model R 2 Period Source Units
Y = 147 + 847.26 X 0.32 Annual Harmoney et al., 1997 kg/ha - units
Y = 369.3 + 2517.4 X 0.67 Summer Ganguli et al., 2000 kg/ha - units
Y = 1289 + 28 X 0.89 Annual Gonzalez et al., 1990 kg/ha - units
Y = 330 + 0.617 X 0.25 Annual O'Sullivan, 2002 kg/ha - cm
Y = 901 + 0.3 4 X 0.14 Annual Sanderson et al., 2001 kg/ha - units
ln (Y) = 0.718 + 0.763 X 0.72 Annual Terry et al., 1981 g/0.186 m 2 - units
ln (Y) = 14.62 + 0.54 X 0.59 Annual Terry et al., 1981 g/0.186 m 2 - units
Y = 5410.8 - 5512.4 e -006X 0.86 Annual Vickery et al., 1980 kg/ha - units
Y = 9.9 X + 600 0.86 Spring L’Huillier, 1988 kg/ha - cm
Y = 1209 + 14 X 0.84 Spring Michell and Large, 1983 kg/ha - units
Y = -313.6 + 0.9 X (pregrazing) 0.42 Spring Murphy et al., 1995 kg/ha - cm
Y = -369.1 + 0.89 X (postgrazing) 0.13 Spring Murphy et al., 1995 kg/ha - cm
ln (Y) = 0.16 + 0.918 ln (X) 0.82 Spring Terry et al., 1981 g/0.186 m 2 - units
Y = 1200 + 9.5 X 0.86 Spring-summer L’Huillier, 1988 kg/ha - cm
Y = 1240 + 13.8 X 0.86 Summer L’Huillier, 1988 kg/ha - cm
Y = 1314 + 20.3 X 0.83 Summer Michell and Large, 1983 kg/ha - units
ln (Y) = 0.126 + 0.837 ln (X) 0.67 Summer Terry et al., 1981 g/0.186 m 2 - units
Y = 1020 + 12.7 X 0.86 Summer-autumn L’Huillier, 1988 kg/ha - cm
Y = 990 + 10.4 X 0.86 Autumn L’Huillier, 1988 kg/ha - cm
ln (Y) = 0.363 + 0.911 ln (X) 0.82 W inter Terry et al., 1981 g/0.186 m 2 - units
Y = 37 + 21.7 X 0.86 Annual Gonzalez et al., 1990 kg/ha - mm
Y = 876 + 0.29 X 0.11 Annual Sanderson et al., 2001 kg/ha - cm
Y = -31.85 + 0,073 X 0,72 Spring Carton et al., 1989 kg/ha - mm
Y = 590 + 120 X 0.81 Spring L’Huillier, 1988 kg/ha - cm
Y = 1340 + 70 X 0.81 Spring-summer L’Huillier, 1988 kg/ha - cm
Y = 1340 + 172 X 0.81 Summer L’Huillier, 1988 kg/ha - cm
Y = 810 + 195 X 0.81 Summer-autumn L’Huillier, 1988 kg/ha - cm
Y = 400 + 300 X 0.81 Autumn L’Huillier, 1988 kg/ha - cm
Y = 762 + 155 X 0.97 Annual Earle and McGowan, 1979 kg/ha - cm
Y = 282 + 29.3 X 0.91 Annual Gonzalez et al., 1990 kg/ha - mm
Y = 68.11 + 202.9 X 0.59 Annual Harmoney et al., 1997 kg/ha - cm
Y = 36 + 149 X 0,78 Annual Hoden et al., 1991 kg/ha - cm
Y = -507 + 31 X 0,51 Annual Mayne et al., 1988 kg/ha - cm
Y = -1061 + 35 X 0,48 Annual Mayne et al., 1988 kg/ha - cm
Y = 278 + 0.48 X 0.31 Annual Sanderson et al., 2001 kg/ha - cm
Y = -36.34 + 140.63 X 0.76 Annual Mosquera et al., 1991 kg/ha - cm
Y = 10.26 + 128.18  +0.6 X2 0.76 Annual Mosquera et al., 1991 kg/ha - cm
Y = 362 + 225 X 0.71 Annual O'Sullivan, 2002 kg/ha - cm
Y = 3 + 452 X 0.52 Annual Rayburn and Rayburn, 1998 kg/ha - cm
Y = 88.01 + 13.8 X 0.76 Spring Bransby et al., 1977 kg/ha - cm
Y = 640 + 125 X 0.84 Spring L’Huillier, 1988 kg/ha - cm
Y = 371 + 18 X 0,52 Spring Mayne et al., 1988 kg/ha - cm
Y = 4.3 + 6.24 X 0.67 Spring Michalk and Herbert, 1977 g/m2 - cm
Y = 1011 + 271 X 0.96 Spring Michell and Large, 1983 kg/ha - cm
Y = 8.75 + 140.46 X 0.74 Spring Mosquera et al., 1991 kg/ha - cm
Y = 16.62 + 134.32 X  + 0.27 X2 0.74 Spring Mosquera et al., 1991 kg/ha - cm
Y = 392.9 + 317.8 X (pregrazing) 0.52 Spring Murphy et al., 1995 kg/ha - cm
Y = 1237.6 + 53.4 X (postgrazing) 0.00 Spring Murphy et al., 1995 kg/ha - cm
Y = -4.1 + 1.01 X 0.94 Spring-summer Griggs and Stringer, 1988 g/m2 - mm
Y = 990 + 130 X 0.84 Spring-summer L’Huillier, 1988 kg/ha - cm
Y = 14 + 22 X 0,72 Sprng Mayne et al., 1988 kg/ha - cm
Y = -188 + 154 X 0.77 Summer Bransby et al., 1977 kg/ha - cm
Y = -515.44 + 328.39 X 0.83 Summer Ganguli et al., 2000 kg/ha - cm
Y = 1480 + 165 X 0.84 Summer L’Huillier, 1988 kg/ha - cm
Y = 3102 + 61 X 0,79 Summer Mayne et al., 1988 kg/ha - cm
Y = -175 + 47 X 0,53 Summer Mayne et al., 1988 kg/ha - cm
Y = 925 + 385 X 0.90 Summer Michell and Large, 1983 kg/ha - cm
Y = 1180 + 159 X 0.84 Summer-autumn L’Huillier, 1988 kg/ha - cm
Y = -942  +33 X 0,62 Summer-autumn Mayne et al., 1988 kg/ha - cm
Y = -844 + 32 X 0,39 Summer-autumn Mayne et al., 1988 kg/ha - cm
ln (Y) = 5.65 + 0.52 X  - 0.02 X2 0.81 Summer-autumn O'Sullivan et al., 1987 kg/ha - mm
Y = 50.4 + 385.8 X 0.76 Summer-autumn O'Sullivan et al., 1987 kg/ha - mm
Y = -1393 +239 X 0.62 Autumn Bransby et al., 1977 kg/ha - cm
Y =  970 + 157 X 0.84 Autumn L’Huillier, 1988 kg/ha - cm
Y = -143 + 209 X 0.88 W inter Bransby et al., 1977 kg/ha - cm
Y = -6.4 + 15.1 X 0.91 Annual Duru and Bossuet, 1992 g/m 2 - cm
Y = 62.6 + 11.9 X 0.78 Annual Duru and Bossuet, 1992 g/m 2 - cm
Y = 485.01 + 56.57 X 0.55 Annual Harmoney et al., 1997 kg/ha - cm
Y = -22.08 + 799.93 X 0.78 Annual Mosquera et al., 1991 kg/ha - cm
Y = 100.21 + 44.17 X  +1.7 X2 0.80 Annual Mosquera et al., 1991 kg/ha - cm
Y = -117 + 167.7 X 0.60 Annual O'Sullivan, 2002 kg/ha - cm
Y = 48.27 + 82.58 X 0.81 Spring Mosquera et al., 1991 kg/ha - cm
Y = 98.08 + 44.28 X + 1.69 X2 0.83 Spring Mosquera et al., 1991 kg/ha - cm
Y = 398.1 + 71.6 X (pregrazing) 0.49 Spring Murphy et al., 1995 kg/ha - cm
Y = 931.8 + 79.9 X (postgrazing) 0.10 Spring Murphy et al., 1995 kg/ha - cm
Y = 7.5 + 0.78 X 0.80 Spring-summer Griggs and Stringer, 1988 g/m2 - mm
Y = 1093.3 + 91.1X 0.63 Annual Harmoney et al., 1997 kg/ha - cm
Y = 19 + 113 X 0.94 Annual Robel et al., 1970 g/m 2 - dm
Y = 14.05 + 4.02 X 0.66 Spring Michalk and Herbert, 1977 g/m2 - cm









The best results for herbage prediction with pasture height were found 
modifying general methods under local calibrations for own farmer grazing 
conditions. Then, the researchers must select the most suitable technique considering 
the scale of operation, the desired accuracy and the resources available. 
V.4.1.2.- Macronutrients in Mixed Swards Determined by NIRS  
 The levels of macronutrients (P, K, Ca and Mg) in mixed swards are a very 
important component of the grazing system at the CIAM. There were determined from 
the routine herbage samples by NIRS. The best equations of MPLS regression with data 
from our swards were obtained by using the second derivative of spectra (Figures 
V.4.1.2. a, b, c and d). Standard error values of prediction (SEP) in external validation 
were of 0.46, 1.35, 0.20 and 2.98 for P, Ca, Mg and K, respectively. Taking into account 
RPD values (standard deviation of reference data and standard error of prediction 
ratio) a good quantitative prediction of Ca (with a RPD of 2.27) and approximately of P, 
Mg and K (with a RPD of 1.79, 1.66 and 1.95, respectively) was achieved.  
Figure V.4.1.2. Regression for (a) P, (b) Ca, (c) Mg and (d) K between NIRS data by 
validation and analysis of mixed sward samples by laboratory.  
 Our results are in line with those reported previously by the literature for grass 
and legume species (Fleming, 1973; Fleming, 1983; Grumes, 1983; Powell et al., 1978; 
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McDowell, 1985; NRC, 1989; Minson, 1990a; Minson, 1990b; Muller et al., 1995). 
Nevertheless, these results might be improved by adding more mixed samples to the 
calibration set as going on at the CIAM. 
 
V.4.1.3.- Management of Dairy Heifers at Pasture (CIAM Replacement System) 
 The feeding and management of dairy herd replacement system at CIAM are 
one of the major factors to consider, if heifers are rearing on the farm at grazing up to 
two years calving. That was also a subject of study during this Thesis, considering that 
calves are sensitive to changes in herbage digestibility, more the younger than older 
calves (Hodgson, 1968). A study was made at CIAM using our dairy herd replacement 
system to identify appropriated grazing strategies to be applied at farm level for 
achieving acceptable daily BW gains at pasture. The trial involved spring calving 
Holstein-Friesian dairy heifers (n=40) grazing rotationally perennial ryegrass and white 
clover swards during the grazing season and supplemented with mixed silage (grass 
and maize), when pasture production and/or sward quality was not appropriate in 
order to achieve desirable daily BW gains.  
 Parameters related to grassland management (SR, herbage utilization and 
sward quality) for an adequate dairy heifers’ performance (BW, BCS, rump height and 
daily BW gains) up the two years calving were controlled. Figures V.4.1.3. a, b, c and d 
show the mean values of two herds of calves (low BW of young calves and high BW of 
yearlings) taken during nine months. The SR applied was of 3.85 heifers/ha with an 
herbage utilization of 65%, containing 14.5 g/kg DM of CP and a 78.3 g/kg of 
digestibility. The results show that when high sward quality is offered to heifers is 
possible to obtain mean daily BW gains of up to 0.77 kg/day at pasture, despite the 
variability and seasonality in grass production, maintaining an average BCS of 2.86 
(over 5) and reaching a 440 kg of BW per animal with a rump height of 137 cm to 
insemination. These data are agree with results reported by Carlson et al. (2002), with 
average values ranging between 0.620 to 1.120 kg/day of daily BW gains at pasture. In 
our experiment, heifers were inseminated with 18 months of age and the percentage 
of pregnancy was of 80%, with synchronization calving in spring at 27 months. 
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Increased reliance on grazed grass for dairy herd replacements might be a successful 
way to implement in Galician farms by which minimizing feeding costs of production. 
 Leaver (1970) observed that BW gain of heifers (with 19 months at turnout) 
followed a curvilinear pattern throughout the grazing season. BW gain immediately 
post-turnout was 1.34 kg/day and decreased to 0.49 kg/day towards the end of the 
season. The increased BW gain just after turnout was attributed to compensatory 
growth, as the heifers had a moderate rate of gain of 0.48 kg/day during the previous 
winter. The results obtained in our trial demonstrate that the performance of young 
calves and yearlings at grass is extremely variable and is influenced by a wide range of 
sward and animal characteristics from the different periods of the year. Nevertheless, 
the results do indicate that, with appropriate grazing management practices at farm 
level is possible to achieve good responses on grass-based diets, often without 
























Daily live-weight gain (kg/day)
 
Figure V.4.1.3. Animal measurements: (a) body weight, (b) body condition score, (c) 
rump height and (d) daily body weight gain in a CIAM trial of heifers at pasture in 2009.  
 
V.4.2.- Milk Chemical Composition and Quality 
 Sustainable pasture-based milk production systems, operating in humid areas, 
try to achieve high quality milk on the entire grazing season, getting high profit from an 
efficient conversion of grass to milk, by satisfying cow needs throughout lactation. 
(a) (b) 
(d) (c) 
Body weight (kg) Body condition score 
Rump height (cm) Daily body weight gain (kg/day) 
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V.4.2.1.- Milk Urea Content as a Tool for the Diagnosis of the Ration 
 It is important to have an index for the diagnosis of the dairy herd nutrition and 
for that we use the milk urea test at the experimental farm of CIAM. Several trials were 
conducted over the last ten years at the CIAM to investigate this tool, which can be 
adopted by dairy farmers, in order to evaluate the formulation of the rations during 
all lactation under grazing and/or silage feeding systems in dairy cows. The quick 
analyses of urea available to dairy farmers on milk quality laboratories as LIGAL in 
Galicia make possible an alert to correct possible deficiencies of the programmed 
ration. The importance of the protein metabolism in the cow nutrition was considered 
in all these experiments, from the point of view of the protein to energy balance in the 
ration. The works presented by this research team (González-Rodríguez et al., 2001; 
González-Rodríguez and Vázquez-Yáñez, 2002; Vázquez-Yáñez and González-
Rodríguez, 2006; Vázquez-Yáñez, 2007; González-Rodríguez et al., 2008) were 
distributed in 5 sections: 1) increasing the dose of CP in the ration, 2) CP excess in high 
concentrate level, 3) grazing vs. ensilage as forage source, 4) distinct non soluble 
carbohydrates source, corn or barley and 5) different levels of milk production and 
protein degradability. The results considered that the milk urea test is an adequate 
index for diagnosis of the correct feeding management and of the protein-energy 
balance. Table V.4.2.1. shows the recommended levels of urea in milk, ranging from 
150-300 g/kg, which are found in a greater number of Galician dairy farms. 
 
 Table V.4.2.1. Recommended levels of urea in milk (mg/kg), cause and modus 




In the trial carried out also by Roca-Fernández et al. (2009), found no significant 
differences in MY between the spring calving Holstein-Friesian cows at grazing (GS, 
24.3 kg/cow/day) or at silage feeding (IS, 25.6 kg/cow/day), but higher than the 
autumn calving dairy cows at grazing (GA, 18.4 kg/cow/day). Estimates of the urea MU 
content in both grazing treatments (GS, 192 and GA, 222 mg/kg) indicated that there 
was an adequate balance of protein and carbohydrates and high sward quality and 
PDMI. The MU concentration was significantly higher in the IS (231 mg/kg) than in the 
GS. Milk production in the silage herd IS (Figures V.4.2.1. a and b), from March to April, 
was lower than in the grazing herds (GS and GA), due probably to protein deficiencies 





Figure V.4.2.1. (a) Milk yield and (b) milk urea content of three herds of dairy cows. 
Treatments: Grazing of spring (GS) or autumn (GA) calving dairy cows and indoors 
silage feeding (IS) of spring calving dairy cows. 
The MU concentration was a decisive parameter in the detection of an 
imbalance ration, having the possibility of correcting the protein-energy levels for the 
rest of lactation like we did in the IS group. Eicher et al. (1999) and Godden et al. 
(2001) reported that MU concentrations in grazing dairy cattle usually show the lowest 
values during the first month of lactation and normally, as happened in our trial, 
reach a peak roughly at the same time when cows reach peak MY at 2-3 months after 
calving. Carlsson et al. (1995) also observed the highest MU content as in dairy cows 
that were not grazing at peak MY as happened in our IS treatment. This might be 
explained by the fact that high producing dairy cows have difficulty in meeting their 
(b) Milk urea content (mg/kg) (a) Milk yield (kg/cow/day) 
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requirements for energy and they are in a negative energy balance at the beginning of 
lactation (Carlsson et al., 1995; Butler, 2000; De Vries and Veerkamp, 2000). These 
lower MU concentrations could be related to the inability of dairy cows to ingest 
sufficient amount of nutrients from grass, resulting of suboptimal function of the 
ruminal flora (Carlsson et al., 1995). Schepers and Meijer (1998), however, found no 
significant association between MU concentrations and stage of lactation in feeding 
trials, which had good control for nutritional factors.  
 MU concentrations usually are significantly higher during summer than other 
times of the year (Carlsson et al., 1995; Westwood et al., 1998; Godden et al., 2001) 
that could be explained by dairy cows having access to fresh pasture, which typically 
contains highly degradable protein and has high protein-energy ratio (Westwood et al., 
1998; Soriano et al., 2001). Wittwer et al. (1999), however, found bulk milk urea 
concentrations to be the highest in spring when CP content of grass is high and the 
lowest in summer at grazing herds in Southern Chile. In our case, the highest levels of 
MU were also found in summer. The effect of season resulted much less evident in the 
high than in the low producing herds that could be related to lower PDMI and lower 
protein intake in summer grazing.  
 The high producing herds (10 000 kg/cow/year on average) had higher MU 
concentrations than the lower producing herds (7 000 kg/cow/year). In our trial MU 
was near to the values of low producing herds reported. Fat-corrected MY was 
positively correlated with MU concentrations in some authors (Oltner et al., 1985; 
Broderick and Clayton, 1997) but not in others (Gustafsson and Carlson, 1993), or 
found only a weak positive correlation between daily MY and MU concentration 
(Carlsson et al., 1995). Roseler et al. (1993) and Baker et al. (1995) reported that the 
true protein in milk is influenced by the level of CP and protein type (proportion of 
rumen degradable and undegradable protein) in the diet. Milk fat, however, was not 
affected by the treatment (isocaloric diets) in their studies. The higher MU 
concentrations in the high producing herds might be attributed to likely higher protein 
levels in the diets in these cows compared with what might be expected in the low 
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producing herds. Moreover, first lactation dairy cows usually tend to have lower 
concentrations of MU than older cows (Oltner et al., 1985; Godden et al., 2001).  
V.4.2.2.- Seasonal Variation in Milk Composition  
Using data reported by Heck et al. (2009) and elaborated during the PhD stay in 
The Netherlands, we have also focused our attention in the description of the seasonal 
variation in bovine milk composition (Figures V.4.2.2. a, b, c and d). On the main milk 
components, lactose showed the smallest (0.04 g/100 g) and fat the highest (0.19 
g/100 g) seasonal variations with protein (0.08 g/100 g) in between. This is in line with 
the general assumption that fat is the most sensitive component of milk to dietary 
changes and lactose is the least sensitive, with protein in between.  
 
Figure V.4.2.2. Seasonal variation on milk (a) protein, (b) fat, (c) lactose and (d) casein 
in raw bovine milk. 
Protein, fat and casein showed a significant (p<0.001) minimum value during 
the summer in July (4.10, 3.39 and 2.64 g/100 g, respectively) and a maximum value 
during the winter in January and December (4.57, 3.56 and 2.78 g/100 g, respectively). 
Cell count and urea had a significant (p<0.001) minimum value during the winter in 
-485- 
 
November and December (167 x 103 cells/mL and 22 mg/100 g, respectively) and a 
maximum value during the summer in August (217 x 103 cells/mL and 26 mg/100 g, 
respectively). Lactose showed a significant (p<0.001) minimum value during the 
autumn in October (4.46 g/100 g) and a maximum value during the spring in May (4.55 
g/100 g). Freezing point had a significant (p<0.012) minimum value during the summer 
in July (-0.517oC) and a maximum value during the winter in February (-0.521oC).  
The data presented below are in line with those reported by Roca-Fernández 
and González-Rodríguez (2011) for Galician dairy farms with the lowest levels of milk 
protein and fat in summer and the highest in winter. The seasonality in milk quality is 
mainly related to the feeding strategy used and a seasonal calving pattern. At CIAM, 
with spring calving Holstein-Friesian cows grazing grass from March to November the 
milk constituents (protein, fat and lactose) are to the minimum levels when cows are 
in the highest MY. When the herd is split in two calving dates (spring and autumn) we 
compensate the milk constituents from high and low MY of the spring and autumn 
calving herds. We can conclude from our trials that two calving dates are a useful way 
to minimize the seasonality in milk in terms of quantity and quality of the sustainable 
all the year around grazing production systems. 
V.4.3.- Environmental Aspects 
 To achieve high levels of efficiency from pasture-based milk production systems 
is of increasing importance not only to make the best use of nutrients to feed dairy 
cows by also to keep an environmental friendly farm. With our regard addressed to 
make the best use of nutrients (mainly of N) and in order to set appropriate grazing 
management strategies to be implemented at farm level, the two trials commented 
above were realized in collaboration with other research team working at CIAM. 
V.4.3.1.- Nitrogen Balance in Dairy Cows at Pasture  
N inputs and outputs (g N/cow/day) results from our trial (Figures V.4.3.1. a 
and b) were higher in the spring calving dairy herds (HS, 189 and LS, 121) than in the 
autumn calving (HA, 163 and LA, 105), and also both were higher in the high SR groups 
(HS, 182 and HA, 115) than in the low SR (LS, 170 and HS, 111), and higher in the first 
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period P1 with supplementation at pasture (HS, 237 and HA, 140) than in the P2 
without supplementation (LS, 114 and LA 86). The N excretion was also higher in the 
P1 than in the P2 (479 vs. 68 g N/cow/ha) with no differences between stages of 

























































































































Figure V.4.3.1. ∑ Inputs and ∑ Outputs of N in Holstein-Friesian dairy cows at two 
stages of lactation (start and end) managed at two stocking rates (low and high). 
 Our results tried to evaluate an efficient conversion of N from pasture (grass 
and legume mixtures) and supplements (silage and concentrate) to milk and BW gain. 
Forage legumes have potential for reducing nitrate leaching to some extent. Ledgard et 
al. (1999) measured the N inputs and outputs and N flows over three years in a trial 
involving three dairy farmlets. The results clearly indicated that, from an 
environmental point of view, the intensively managed grass-clover mixtures are 
relatively efficient in terms of conversion of N inputs from N2 fixation into milk and in 
reducing N surplus at the field level. N in milk averaged 45% of N inputs for the 0 N 
farmlet compared with a value of only 22% for 400 N farmlet.  
 Ledgard et al. (1999) have also quantified the different routes of N surplus. 
Leaching of nitrate-N was minimal for the 0 N farmlet and increased very rapidly with 
the level of fertilization. Losses of N by denitrification remained small but were 
reduced on white clover-grass pastures. Nonetheless, it might be expected that N-
nitrate leaching, and thus eutrophication potential, would rise with increasing legume 
content and, thus, level of N2 fixation per ha. Loiseau et al. (2001) have reported 
higher leaching losses from lysimeters when swards were sown with pure white clover 
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(28 to 140 kg/ha), whereas the losses from perennial ryegrass-white clover swards 
were lower than 20 kg/ha over the 6 years of the experiment. Similarly, in the study of 
Ledgard et al. (1999), the amount of nitrate-N leached varied greatly (20 to 74 kg/ha) 
in the perennial ryegrass-white clover paddocks and these variations are linked to the 
N2 fixation by white clover.  
V.4.3.2.- Nitrous Oxide Emissions from Pastures  
 Using grass-clover mixtures also reduces total greenhouse gas emissions and 
global warming potential per kg milk. Using Life Cycle Analysis, Ledgard et al. (2009) 
have shown that total greenhouse gas emissions per kg milk were 10% lower for 0 N 
farmlets than for 207 N farmlets. Moreover, Cederberg and Mattson (2000) have 
showed lower greenhouse gas emissions in organic systems using grass-clover swards 
than in conventional systems. Global warming potential of N2O is very high (310 times 
higher than that of CO2). This raises the question of N2O emission factors for grass-
clover mixtures compared to using N-fertilizer. Corré and Kasper (2002) found that 
emissions might be smaller for mixed swards (0.2 vs. 1.2%). Báez-Bernal et al. (2009) 
have found that N2O emissions increase a 9.6% when the SR increased a 19% (from 
low, 3.9 to high SR, 4.8 cows/ha) (Figure V.4.3.2.). Spring and autumn were both the 
periods which contributed the most to the total nitrous oxide emissions from pastures. 
 
Figure V.4.3.2. Emissions of nitrous oxide in pastures at the CIAM grazed by spring 









































V.5.- IMPLICATIONS  
 It is basic consider some basic aspects at farm level in order to achieve 
sufficient quantities of high sward quality for producing high milk quality when a 
profitable pasture-based milk production systems is adopted. 
V.5.1.- Herbage Mass and Grazing Sward Heights  
 Herbage Mass Determination. Farmers need to know how to make an herbage 
mass estimation or measure the farm cover, with a continually calibration during the 
grazing season. At least all paddocks in the grazing area need to be walked and a visual 
assess of grass yield done. If possible would be good to contrast estimations with 
measuring the DM yield across a range of grass yields by cutting quadrates of grass. The 
data over a number of weeks will show how farm cover pattern is changing and in 
conjunction with the day-to-day observations on pre- and post-grazing sward heights 
and daily milk yield will help the farmer to maintain the required feeding levels of grass 
for the dairy herd. 
Farm cover refers to the total farm supply of grass. It is expressed as the 
amount of kg DM per ha above 4 cm from ground level. It is the average supply of 
grass across all the grazing paddocks. Grass supply during the grazing season is 
typically wedge-shaped, with the highest point of the wedge coinciding with the 
paddock that is immediately due for grazing and the lowest point occurring on the last 
paddock grazed. The grass supply is measured as available grass for grazing above 4 cm 
and material below 4 cm is ignored. The post-grazing sward heights refer to the 
undisturbed height of the sward in a paddock after grazing-down. It is a convenient 
way of describing the intensity of grazing. The height range would generally fall in the 
range of 4-8 cm. It is the average height across the paddock surface and includes the 
tall, partially grazed, grass areas as well as the short, well-grazed, grass areas. 
 This will help the farm manager to maintain the required feeding levels of grass 
for the herd. Farm cover can be described also as the total supply of grass per cow. This 
equals farm cover divided by effective stocking rate. Sward measurements allow dairy 
farmers to achieve much higher levels of performance from grazed grass and should be 
an integral part of appropriate grassland management strategies. It will also allow 
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research findings to be more readily adopted at farm level and will be essential with 
the increased use and focus on discussion groups as a method of technology transfer. 
 V.5.2.- Grazing Calendar: Make Grass Available to Animals 
 A grazing calendar (Figure V.5.2.) is a very useful tool to implement at farm 
level in order to establish the rotation cycle (number of grazing paddocks), the rotation 
length (number of grazing days per cycle of rotation) and the average residence time per 
paddock (number of grazing days per paddock depending on pasture surface, stocking 
rate and daily herbage allowance) to know how much grass is available to feed dairy 
cattle during the grazing season. Rotation length may be adjusted taken into account 
not only grass growth curves but also supplements at pasture as silage (grass and/or 
maize) and/or concentrate for satisfying cow requirements throughout lactation. 
Adequate SR and DHA needs to be applied at farm level to achieve high PDMI.  
 
Figure V.5.2. Grazing calendar used in 2009 at the Trial IV.2.1.- Pin au Haras of this 
thesis (developed by Pâtur’IN  ̶  INRA). 
 
The results from the measurement of grassland management, mainly on the 
Trial IV.1.1.- CIAM, showed that it is possible to achieve high animal performance from 
grazed grass when farmer can apply effective stocking rate at various points during the 
grazing season determined by what is needed to feed the cows with sufficient pasture. 
The farm manager has to find the reflection of farm cover and the amount of grass made 
Grazing calendar 





available for grazing as the daily herbage allowance per cow thought controlled grazing 
management strategies as altering the residency time in a paddock (Trial IV.1.1.- CIAM) 
or altering the area grazed each day (Trial IV.1.2.- Moorepark) in order to make more 
grass available to dairy cattle and keeping a rotation length that maintain sward 
structural characteristics looking forward high daily pasture DM intake per cow and 
subsequently high milk performance may be achieved per animal.  
 
V.5.3.- Using the Grassland Area: Grazing Management Practices 
It is possible to produce grazed grass of high sward quality with good grazing 
management practices implemented at farm level over the whole grazing season. 
From the experience of the trials carried out during this Thesis some considerations 
can be made regarding grassland management. 
 (a) Spring – Vegetative Stage (Turnout to April). Since the beginning of the 
grazing season we try to achieve the equilibrium between maximizing the amount of 
grazed grass in the cows’ diet and having an adequate farm grass cover. The main 
factors for maintain the spring supply of grass to the herd are: previous autumn 
grazing management, winter growth (that happens in Galician coast) and early N 
fertilization. Date of first spring N application will largely depend on location and soil 
type and it is recommended for early bite, considering: (1) there must be sufficient 
grass to at least maintain current milk yields and (2) no pasture damage must result; 
and also other management factors that will have large influence on farms deciding to 
rely on grass for grazing as the calving pattern, autumn closing cover, silage ground 
availability and decided stocking rate. With a very variable spring grass growth rate in 
Galicia, weekly monitoring will be required and actions must be taken quickly to 
achieve grass targets. 
 Preparing a budget to ration grass supply to the dairy herd during the first 
rotation will facilitate early grazing. From the first day of turnout to grass, the driving 
force in the management of pasture during this cycle is that the cover available is 
rationed in order to stretch it out to the date when it is possible to start the second 
cycle. This means that there is sufficient recovery on those paddocks previously grazed 
in the first cycle that they can be grazed again. If there is not sufficient cover on these 
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paddocks because of poor growth rates then supplementation will have to be 
maintained or else silage area maybe brought in and grazed. An oversupply of grass is 
the more usual problem than an undersupply on most dairy farms during this period. 
Too late a turnout, excess supplement feeding and possibly wet ground conditions 
appear. The problem when turnout is delayed and the excess supply of grass is not 
reacted to is that the farm cover increases substantially during the late March period, 
the farmer does not react to the increased supply and by early April the farm has a 
surplus supply of grass. Paddocks, then, have to be removed by baling them, otherwise 
the second rotation will be delayed too long and this will have large effects on grass 
supply and sward quality. Grass supply increasing to an uncontrollable situation and 
sward quality deteriorating.  
 (b) Main Grazing Season –  Reproductive Stage (May to August). This period 
have a difficult objective to achieve, to get high cow performance from almost a 
complete grazed grass diet. Animals must be supplied with adequate allowance of high 
quality pasture during the breeding season for good conception rates. In general, grass 
supply is not restricted on dairy farms from late April onwards but is very important 
the good grazing management strategies, as obtained in the Trial IV.1.1.- CIAM and 
Trial IV.1.2.- Moorepark with PDMI of 15-17 kg DM per cow in a positive energy 
balance. The essential in this period is not to impose too high stocking rate (> 5.5 
cows/ha) on the grazing area, otherwise the cows with large requirement for grass will 
be underfed and supplementation at pasture will be required. With spring calving dairy 
cows, concentrate should be introduced swiftly and be large enough to maintain the 
peak milk yield and taken out when grass supply is enough to cover cow requirements. 
 (c) Autumn/Winter Grazing – Vegetative Stage (Early September to Housing). 
The aim of this period is to maximize the amount of grass utilized while at the same 
time finish the grazing season with the desired farm grass cover. The direct effects of 
the autumn management on any dairy farm can be seen in the amount of grass 
available for grazing the following spring. Autumn grass in terms of feeding value is not 
as high as primary spring grass; however, it is still better in feeding value than grass 
silage (average to good quality) and is cheaper to produce. Therefore, strategies that 
would increase the proportion of grazed grass in the cows’ diet in the September and 
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December period would be desirable to implement at farm level.  When the second 
cut aftermath returns to the grazing area and farm cover increases substantially, grass 
supply is no longer seen as a limiting factor in this period. 
 Autumn grazing can be preceded by a summer dry period in Galician coast area 
that need housing with silage and supplementation feed according with cattle needs. It 
is, thus, essential that a grass feed budgeting be prepared to set the targets for the 
amount of grass that is required on the farm. The farm specific factors requiring 
consideration when making decisions include: the SR, pasture growth rates, calving 
pattern and expected length of the grazing season. The objective of budgeting grass in 
this manner is to provide adequate grass to the herd while having sufficient grass to 
maintain the herd at pasture. It will be necessary to adjust the grass feed budgets and 
target covers and may require feed supplementation in years of poor grass growth or 
at times of poor grazing conditions.  
 
V.5.4.- Grass Feed Budgeting: Adjusting Grass Supply to Cow Needs at Lactation 
 Grassland management for profitable pasture-based milk production systems 
embraces the dual purpose of grazing grass in situ by dairy cows and conserving 
surplus grass as high quality silage. The integration of both in practice is important for 
success. The proportion of the grassland area used for silage determines the amount of 
grass available for grazing and the deficits of grass supply or when cow is at peak of 
lactation require accurate concentrate supplementation as a way to satisfy animal 
requirements and avoid negative energy balance and maintain high milk output. From 
data of Mabegondo dairy farm system, mainly based on results of the Trial VII.1.1.- 
CIAM, and assuming a mean stocking rate of 2 cows/ha in the typical weather 
conditions of a year, we have extrapolated this grass feeding budget to reach around 
7,500 kg milk for Holstein-Friesian dairy cows. The CIAM is using 70% of grazed grass, 
20% of grass and maize silage and 10% of concentrate. The preferences are 
established: 1st grazed grass, 2nd grass silage, 3rd maize silage and 4th concentrate, with 
a mean of N input of 180 kg per ha. 
The schematic representation of the grass feed budgeting is figures (V.5.4. a 
and b) that could be very useful for Galician dairy farmers due to both models were 
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made with data from the Trial IV.1.1.- CIAM carried out in 2007. The inputs per cow 
included an average of 1 t DM of concentrate, mainly use after calving, 2.8 t DM of 
grazed grass and 2.7 t DM of silage (grass and maize). Mean yield of pasture are 
around  10-12 t DM/ha, giving priority to grazing and when supplementation or no 
grass growth we use grass silage, maize silage and at the end concentrate for both, 
spring and autumn calving Holstein-Friesian dairy cows (Table V.5.4.).  
 
 
Figure V.5.4. Annual grass feed budgets for (a) spring and (b) autumn calving Holstein-
Friesian dairy cows from experimental work carried out at the CIAM in 2007.  
 
Efficient rotational grazing management is facilitated by farm layout, which 
entails good farm roadways and paddocks with an adequate water supply, avoiding 




Table V.5.4. Grass feed budgeting for Holstein-Friesian cows at two calving dates, (a) 
spring and (b) autumn, from the experimental work carried out at the CIAM in 2007.  
 
 The first week of May is proposed as the key period for closing off paddocks for 
1
st 
cut silage. At a SR of 2.6 cows per ha, 50% of the total area can be closed at this 
time, resulting in a SR of 5.2 cows per ha on the grazing area.  However, depending on 
grass-growing conditions in any one year, this can be increased or decreased. A silage 
yield of 8-10 t of grass DM per ha might be achievable under good management. In the 
grazing area, tight grazing to 6 cm during this period (late-April to end of June) is 
critical. Grazing management in this period is important for the remainder of the 
season. The benefit of lenient grazing (8-10 cm) during this period is small. 
Nevertheless, the loss in milk yield for the remainder of the season due to 
deterioration in sward quality is much larger. Stocking rate on the grazing area is 
usually reduced to 4 to 4.25 cows per ha in mid- to late-June as a result of releasing of 
about 10% of total farm area for grazing after 1st cut silage. The second silage crop is 
usually cut 7 to 8 weeks after the first cut (15th June). A silage yield of 6-8 t of grass 
DM per ha might be achievable under good grassland management. From mid- to late 
August onwards, the total farm is not available for grazing because of summer 
drought. During this period (July to September), grazing pressure may be relaxed to 
allow a post-grazing sward height of 7-8 cm in order to increase milk yield per cow 
without resulting in deterioration in sward quality. 
 
V.5.5.- Sward Quality: Structural Characteristics and Chemical Composition 
Dairy cows are responsive to compositional changes and quality in the sward. 
The sward height, to which paddocks are grazed during the first conservation period 


















(a) spring 25 – 7,515 2,880 1,425 1,095 1,020 
(b) autumn 23 – 7,405 2,700 1,290 1,650 1,080 
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subsequent quality of the sward. Grass digestibility changes are associated with both 
chemical and structural changes in the sward. Cows are selective and actively reject 
stem and dead material in the grazed horizon and avoid grass tainted with dung 
deposits until such times as short grass is well grazed. The measurement of sward 
quality which was used in this Thesis was the determination of sward chemical 
composition (Trial IV.1.1.- CIAM) and the proportion of green leaf available in the 
sward (>4cm) (Trial IV.1.2.- Moorepark). In both trials sward quality was referred 
principally to the grass digestibility due to this sward parameter is highly related to the 
green grass leaf content in the treatment LH of the Trial IV.1.2.- Moorepark and the 
high SR in the treatment HA of the Trial IV.1.1.- CIAM. 
In Figure V.5.5. are presented some changes on sward chemical composition 
across the season with higher CP content in spring and autumn and lower values in 
summer when higher DM content is observed in the sward due to an increased 
proportion of dead material. A well-managed sward will always have very high levels of 
green leaf in the upper horizons or strata (i.e. above 6 cm) of the sward, with high 
grass digestibility and lower amount of stem and dead material. The water soluble 
carbohydrates reached its maximum value when the sward is in its reproductive stage, 
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Figure V.5.5. Chemical composition of grass on the grazing season (data from CIAM).  
DM, Dry Matter; CP, Crude Protein; FAD, Fiber Acid Detergent; WSC, Water Soluble Carbohydrates. 














V.5.6.- Milk Quality: Chemical Composition and Fatty Acids Profile 
 
The low cost of pasture-based milk production systems help dairy farmers to 
obtain the best profit from grazing grass with a spring and/or autumn calving pattern. 
The concentrations of milk components (mainly milk protein and fat) in these systems 
have a higher seasonal variation, according with the source of food (as happened in 
the Trial IV.2.1.- Pin au Haras with spring calving Holstein-Friesian and Normande 
dairy cows that showed the lowest levels of protein and fat in summer and the highest 
values in spring coinciding with the peak of lactation, however, when animals fed 
supplements at pasture these variations were reduced), than with a more spread 
calving throughout the year, as in the intensive systems (as happened in the Trial 
IV.2.2.- Hillsborough with the groups of spring calving Holstein-Friesian and Jersey 
crossbreed dairy cows confined), to supply dairy factories. Despite of the lower milk 
protein content at grazing, the benefits of decreasing feeding costs are more 
important than the less payment for milk quality.  
 Milk and dairy products provide a range of essential nutrients beneficial to 
human health. Milk fat is reduced in human consumption, but the concentrations of 
other compounds in dairy products, as a healthy FA profile are of increasing 
importance. The conjugated linoleic acid (CLA) on milk fat can be enhanced by 
nutritional management practices at farm level. The results obtained at the Trial 
IV.3.1.- CIAM (Figures V.5.6. a and b) show higher CLA content in Holstein-Friesian 
dairy cows consuming all pasture (grazing grass) compared with conserved forage, ½ 
pasture (grazing grass) + ½ silage or all silage, with high levels of unsaturated (UFA) and 
low levels of saturated (SFA) fatty acids in milk. 
A new idea can be introduced at farm level from these results: “Increasing the 
intake of fresh grass and/or decreasing the proportion of conserved forage in dairy 
cows’ ration produce better and healthy milk for consumers”. The milk FA profile of 
dairy cows analyzed in this Thesis presented variations across the season related 
mainly to the feeding strategy. The short and medium chain FA decreased during 
spring and summer, with a peak in winter with silage feeding, while the long chain FA 










100% Silage 50% Grazing + 50% Silage 100% Grazing




































Saturated Fatty Acids Unsaturated Fatty Acids
 
 
Figure V.5.6. (a) Conjugated linoleic acid and (b) saturated and unsaturated fatty acids 
in milk fat from cows using three forage sources at the Trial IV.3.1.- CIAM in 2008.  
It may be also possible at farm level to further enhance the already high 
endogenous levels of CLA in milk fat from grazing cows through winter 
supplementation of silage, as it has been made in the Trial IV.3.2.- CIAM, with lipid 
feed as oilseeds (cottonseed) in the concentrate. The results presented in this Thesis 
highlight that exist different feeding strategies that can be applied on dairy cows 
nutrition to enhance concentrations of physiologically functional compounds in milk 
fat through the manipulation of milk composition on farm, however, we have a 
number of important constraints that remain to be tested on a broad scale.  
Galician dairy farmers have now the opportunity to implement accurate 
feeding strategies through high reliance on grazed grass and supplementation with 
oilseeds might be also a way to obtain better milk FA profile in order to produce milk 
with particular attributes and as a sign of milk differentiation. The challenge will be in 
overcoming the existing public perception regarding milk fat and health. A second 
challenge will be to convince the Galician processing sector to invest in new product 
development. The long-term viability of the Spanish dairy industry depends on 
producing products to meet changing consumer demand. Consumers are becoming 
more conscious of the health attributes of the food they consume. However, the 
incentive for Galician milk producers to grazed grass and/or a lipid feed supplement 
needed to enhance CLA levels would be the payment of a premium price for their milk, 
sufficiently outweigh to any additional costs, in order to improve milk FA profile (as 
have already happened with LEYMA Natura or UNICLA milk in the dairy market) and it 









































V.6.- FUTURE RESEARCH WORKS 
 The main purpose of this Thesis studying “Sustainable Pasture Milk Production 
Systems in Humid Areas Using Farm Resources” from an integrative-view, was to help 
in the knowledge of factors affecting the interaction between pasture and animal. Due 
to the complexity of these studies, the Grazing Group of the European Grassland 
Federation (EGF), from 17 European Countries, had a meeting in Kiel (Germany) in 
2010 raising some conclusions about the important research work done and the gaps 
of knowledge for the future of sustainable pasture-based milk production systems in 
temperate regions as Galicia can be seen ahead.  
 (1) Pasture Intake under Grazing Management. There is a great work done 
about the factors affecting pasture DM intake and on affordable methods of 
measuring grass intake with a good estimation of pasture growth rates and sward 
quality for accurate feed planning of dairy cows at grazing on farms. Also, some 
modeling was developed to help milk producers to gain confidence in grazing 
management, providing a Decision Support System (DSS) to help farmers for efficient 
grazing management of grass and grass-clover, as it has been done with the 
Grazemore project funded by the EU for predicting pasture DM intake and milk 
production of grazing dairy cows at herd and paddock level. Further validation of this 
DSS followed by the model Graze’IN might be done and it should be improved.  
J. L. Peyraud and A. Van den Pol-Van Dasselaar, during the EGF Workshop, 
pointed that one of the major problems is that grass growth remains still remains 
unpredictable in most cases (indeed as soon as the climate is not constant with a 
regular supply of rain and no large temperature changes). Some questions were asked: 
Which species to graze in the future with the global change? Which kind of cow and 
which grazing management practices (part time grazing?) do we need to maintain 
grazing in future ecologically intensive milk production systems? 
 (2) The Grazing System. More effort to study the feeding system should be 
done: grazing vs. confinement, considering the residence time on pasture (which can 
avoid time and facilities to dairy farmers), the supplementation levels at pasture (with 
-503- 
 
forages and/or concentrate), the type of cow and the dairy cow behavior, adapted to 
the grazing system. Stocking rate and stage of lactation of cows, are considered to 
affect sward characteristics (i.e. grass growth, proportion of leaf, stem and dead in the 
sward and pre-grazing herbage mass) in order to improve sward quality and milk 
performance of dairy cows at grazing. More detail projects can be defined for feeding 
of grazing animals and manage at farm level to accurately estimate nutrient intake 
from grazed pastures.  
(3) The Milk Quality. With special reference to the fatty acids profile in milk fat, 
enhancing the levels of conjugated linoleic acid of raw bovine milk through modifying 
the cows’ ration, considering the differences between diets (grass, silage or 
concentrate) and animals (breed, parity, stage of lactation, etc.) and the seasonal 
variation in milk fatty acids profile. 
(4) The Methodology and Diagnosis Test to Improve System Efficiency. It should 
be developed at the same time, as the NIRS technology or the gas chromatography 
that potentially offers a rapid and low cost effective means of measuring different 
nutritional parameters such as CP, FAD, FND, WSC and digestibility of grasses and 
legumes and the determination of the fatty acids profile of forage and milk. The milk 
urea content as prove to be a good tool for the diagnosis of the cows’ ration and it 
might be applied in different feeding regimes.  
(5) The Environmental Aspect of the Milk Production Systems. This part is of 
raising importance. Some work related to N balance in dairy cows and nitrous oxide 
emissions from pasture are starting to be covered at CIAM and could help Galician 
dairy farmers to make a better use of nutrients and improve animal performance 
reducing the feeding cost in a friendly sustainable and healthy milk production system. 
(6) Definition of procedures and programs are needed for improved technology 
evaluation and transfer to dairy farmers in order to make easier the learning process. 
Appropriate grassland management strategies have to be the key point of sustainable 
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RESUMEN CAPÍTULO V 
El estudio en esta Tesis de los "Sistemas Sostenibles de Producción de Leche en 
Zonas Húmedas con Utilización de Recursos de la Explotación” se basa en la evaluación 
de diferentes factores, derivados del pasto (carga ganadera, oferta de hierba pre-
pastoreo, disponibilidad diaria de hierba, tiempo de residencia en las parcelas, fuente 
de forraje/concentrado en la ración y suplementación en pastoreo) y del animal 
(estado y número de lactación, raza de vaca y comportamiento animal), para lograr 
una eficiente conversión del pasto en leche que contribuya a la reducción de los costes 
de alimentación del ganado vacuno lechero en regiones húmedas del Arco Atlántico 
Europeo como Galicia (NO España). Se presta especial atención a la interacción pasto-
animal para aportarle a la vaca un pasto, en cantidad y de calidad, que repercuta en 
una producción de leche, en cantidad y de calidad, con la que se satisfagan los 
requerimientos energéticos del animal a lo largo de toda su curva de lactación. 
De los ensayos realizados, conviene destacar la importancia de la aplicación de 
buenas prácticas de manejo del pasto para maximizar la ingestión de hierba (sección 
1), ya sea aumentando la carga ganadera (SR) en primavera-verano (Ensayo 1.1.- 
CIAM) o bien, modificando la estructura del pasto, al actuar sobre la oferta de hierba 
pre-pastoreo (HM) y la disponibilidad diaria de hierba por animal (DHA) (Ensayo 1.2.- 
Moorepark), para lograr una mayor utilización del pasto (O’Donovan et al., 2004), con 
menores residuos post-pastoreo y mantener una mayor calidad de la hierba (Stakelum 
and Dillon, 1990; Curran et al., 2010) y un aprovechamiento eficiente del pasto en las 
sucesivas rotaciones de pastoreo a pesar de la alta estacionalidad que presenta la 
curva de crecimiento de la hierba (Dillon, 2006). Con un manejo adecuado del pasto 
resulta factible aumentar la proporción de hojas y disminuir la de material senescente, 
lo que reduce el contenido en materia seca y fibra obteniéndose unos niveles más 
altos de proteína, carbohidratos y digestibilidad de la hierba (Curran et al., 2010). Todo 
ello, beneficia la producción por vaca y por ha al mantener una alta ingestión de hierba 
de calidad. En el Ensayo 1.2.- Moorepark, el tratamiento LH con baja oferta (HM) por 
ha y alta disponibilidad (DHA) por animal fue el que mejores resultados proporcionó, 
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siendo éstos equivalentes a los observados cuando se aplicó una alta carga ganadera 
(SR) al rebaño de partos de primavera (HS) en el Ensayo 1.1.- CIAM. 
Dado que el conocimiento de la ingestión diaria de pasto por animal resulta 
esencial para un buen funcionamiento de los sistemas de producción de leche basados 
en el empleo de los pastos, en la Unidad del INRA en St. Gilles (Rennes, Francia), se 
aplicó el modelo Graze’IN, desarrollado a partir del sistema de apoyo a la toma de 
decisiones DSS-Grazemore en el cual participó el CIAM. Se obtuvieron unos errores de 
predicción del 24.2% a nivel del animal para la determinación de la ingestión de pasto 
(kg DM/vaca/día) y del 12.4% para la producción de leche (kg/vaca/día) utilizando los 
datos del Ensayo 1.1.- CIAM. Si bien un error de predicción no superior al 10% 
resultaría más apropiado, estudios realizados por otros autores (Cordova, 1978; 
Peyraud, 1997; Lantinga et al., 2004) muestran que estos valores podrían considerarse 
adecuados debido a la dificultad que entraña la determinación de estos parámetros en 
ensayos de pastoreo y más si tenemos en cuenta que el error de predicción obtenido 
sería a nivel del animal y no del rebaño.  
Además, se realizó en 2010 la medida del descenso diario de altura de la 
hierba en parcelas experimentales que formaron parte del Ensayo 2.1.- Pin au Haras 
con la finalidad de determinar su relación con la producción de leche. Se observó que 
el descenso de altura de la hierba fue mayor en los 4-5 primeros días de permanencia 
del rebaño en las parcelas que en los restantes, dada la alta oferta de pasto y la 
consiguiente mayor ingestión de hierba en los primeros días. Esto condicionó la 
respuesta en producción de leche de las vacas. En el estudio del tiempo de residencia 
en la parcela se evaluó el pico de producción (MY máx.) a los 4-5 días y la posterior 
caída de leche (Dm) al décimo día durante todas las lactaciones del período 2001-2009. 
Estos picos y caídas fueron mayores en vacas con alto nivel de suplementación en la 
ración, multíparas y de raza Holstein-Friesian por presentar mayores niveles de 
producción de leche que las de menos concentrado, primíparas y de raza Normanda. 
El sistema de pastoreo (sección 2) elegido para la alimentación animal es muy 
importante. En principio se optó por el rotacional, que permite un buen control de la 
variabilidad en el crecimiento del pasto. Se estudiaron, para ello, algunos factores que 
-530- 
 
afectan a la ingestión animal en pastoreo como el tiempo medio de residencia en las 
parcelas, el empleo de la suplementación y la raza de vaca y el comportamiento animal 
del ganado vacuno lechero en función de la estrategia de alimentación empleada 
teniendo en cuenta el modelo productivo de la explotación. La respuesta en leche del 
animal comprende toda la lactación con períodos de pastoreo vs. confinamiento, que 
resultan claves y condicionan la decisiones a tomar en cada momento.  
La suplementación en pastoreo permite mantener niveles deseados de 
producción de leche (McCarthy, 1984; Roche et al., 1996; Ferris et al., 2001; Dillon et 
al., 2002) y un determinado peso vivo y condición corporal de los animales (McNamara 
et al., 1999, Delaby et al., 1999a). El modelo productivo exige elegir la raza de vaca 
más adecuada al sistema para su mayor eficiencia (Peyraud et al., 2010) y en esta Tesis 
se han podido comparar dos razas de vacas (Frisonas y Normandas), que fueron 
alimentadas con y sin concentrado, (Ensayo 2.1.- Pin au Haras) usando el modelo de 
pastoreo rotacional simplificado de larga estancia en parcela (media de 10 días). 
También se han utilizado dos razas de vacas, las Holstein-Friesian y las Jersey mestizas 
para estudiar cómo afecta el comportamiento animal del ganado vacuno lechero en 
sistemas intensivos en establo y semiextensivos en pastoreo (Ensayo 2.2.- 
Hillsborough). Los resultados obtenidos en estos ensayos pusieron de manifiesto que 
las vacas Normandas (Delaby et al., 2009) y las Jersey mestizas constituyen una 
alternativa a las Holstein-Friesian de acuerdo con Grainger y Goddard (2004), Thomet 
y Kunz (2008) y Delaby et al. (2009) al presentar menores problemas de fertilidad, 
mayor vida productiva del rebaño y mayor persistencia en la lactación (Dillon et al., 
2003) aunque posean menores niveles de producción de leche que compensan con 
unos contenidos superiores de proteína y grasa en leche (Delaby et al., 2009). 
El comportamiento animal depende en gran medida del sistema de producción 
elegido. En pastoreo las vacas tienen diferentes patrones de comportamiento que las 
estabuladas y cada  vez se presta más atención a estos estudios (O’Connell et al., 1989; 
Linnane et al., 2001). En esta tesis se han evaluado algunos factores de 
comportamiento en dos razas de vacas en pastoreo y estabuladas (Ensayo 2.2.- 
Hillsborough), determinando el tiempo dedicado a comer/pastar, a descansar o rumiar 
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que en ningún caso se vió afectado por el genotipo animal. El tiempo de alimentación, 
sin embargo, fue mayor después de los dos ordeños diarios y el aporte de silo fresco 
en el rebaño estabulado desencadenó el deseo de comer en los animales (O’Connell et 
al., 1989; DeVries et al., 2003; DeVries et al., 2005), a pesar de las restricciones 
existentes en el Ensayo 2.2.- Hillsborough al disponer de tan solo seis puertas Calan 
operativas que controlaban el acceso al alimento de veinte vacas. Uno de los factores 
que puede influir más en el reparto del tiempo dedicado a pastar es la exposición a la 
luz del sol dado el marcado ciclo circadiano de los animales en pasto con respecto al 
establo donde la ausencia de luz solar se suplió con luz artificial (Linnane et al., 2001).  
Una gran oportunidad, surgida en los últimos años, que conviene tener en 
cuenta para el estudio de sistemas sostenibles en pastoreo,  es la posibilidad  de 
controlar el perfil de ácidos grasos de la leche de vaca (sección 3), modificando el tipo 
de forraje y/o concentrado de la ración en la propia explotación. En nuestros 
sistemas de pastoreo (Ensayo 3.1.- CIAM) se evaluaron los contenidos en ácidos grasos 
saturados (SFA) e insaturados (UFA), con especial referencia al ácido linoleico 
conjugado (CLA), considerado beneficioso para la salud humana. Las vacas con una 
ración a base de hierba fresca durante la época de pastoreo mostraron unos niveles de 
UFA y CLA superiores e inferiores de SFA en comparación con las vacas estabuladas 
con ensilado. Estos resultados estuvieron en consonancia con los resultados obtenidos 
por otros autores (Stanton et al., 1997; Kelly et al., 1998a; Kelly et al., 1998b; Dhiman 
et al., 1999; Lock and Garnsworthy, 2000) que mostraron niveles de CLA en leche 
superiores a medida que aumentaba la proporción de hierba fresca en la ración del 
ganado vacuno lechero. Nuestros resultados con vacas 100% en pastoreo presentaron 
unos niveles de CLA de 2 a 3 veces superiores a los alimentados con 50% pastoreo + 
50% ensilado y 100% ensilado, respectivamente. El empleo de semillas de algodón en 
el concentrado que suplementó la ración de ensilado en establo (Ensayo 3.2.- CIAM) 
durante el invierno, resultó una buena estrategia para aumentar los niveles de UFA y 
ácido linoleico en la leche de vaca, como también encontraron Lawless et al. (1988), 
Kay et al. (2002) y Ward et al. (2003). En el Ensayo 3.1.- CIAM se observó además una 
variación estacional en el perfil de ácidos grasos de la leche debido a cambios en la 
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alimentación animal según la época del año, que fue descrito por Heck et al., (2009), 
con unos niveles de CLA y UFA más altos en verano que en primavera. 
En la presente Tesis se realizaron además otros ensayos (sección 4) con 
trabajos publicados que se englobaron en tres subsecciones: (1) manejo del pasto y 
calidad de la hierba con tres trabajos, (2) composición química y calidad de leche con 
dos trabajos y (3) aspectos medioambientales con dos trabajos. Con ello, se busca la 
visión multidisciplinar en cuanto al estudio de sistemas sostenibles de producción de 
leche basados en el uso de los pastos. De la revisión bibliográfica efectuada, en 
relación con los métodos no destructivos de medida del pasto en oferta (Ensayo 
4.1.1.), se deduce que para la predicción de la biomasa de hierba los mejores 
resultados se obtienen cuando se modifican métodos generales y se aplican 
calibraciones a las condiciones locales. Como método de medida utilizado en los 
diferentes ensayos se eligió la medida de las alturas de la hierba pre- y post-pastoreo 
con medidor de pasto manual o electrónico. Por otro lado, en colaboración con el 
equipo de investigación del laboratorio del CIAM se han hecho varias calibraciones 
para la determinación del contenido de macronutrientes en muestras de pasto 
(Ensayo 4.1.2.). Los valores obtenidos han contribuido a mejorar las ecuaciones de 
predicción en el margen descrito por otros autores (Fleming, 1973; Fleming, 1983; 
Grumes, 1983; Powell et al., 1978; McDowell, 1985; NRC, 1989; Minson, 1990a; 
Minson, 1990b; Muller et al., 1995) y que continúan en vía de ser mejoradas 
añadiendo más muestras de pasto a la calibración empleada por el CIAM y los 
laboratorios de servicios del LIGAL y LAFIGA. Se estudió también el cambio en la 
calidad del pasto en el sistema de recría del rebaño lechero en la etapa de pastoreo 
(Ensayo 4.1.3.) y a pesar de producirse oscilaciones, se observaron valores adecuados 
(Carlson et al., 2002) de ganancia diaria de peso vivo de las novillas nacidas con partos 
agrupados en la primavera y alimentadas con solo forraje, pastoreo y/o ensilado, hasta 
su primer parto  a los dos años de edad siguiendo el sistema de recría propio del CIAM. 
 Una herramienta eficaz para el diagnóstico de la ración, tanto de las vacas 
alimentadas en pastoreo como en establo, que se aplica en todos los sistemas de 
producción del CIAM es la determinación de la urea en leche (Ensayo 4.2.1.). En esta 
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Tesis se empleó el test de urea para la determinación del balance energía:proteína en 
todos los ensayos siguiendo protocolos previos (González-Rodríguez et al., 2001; 
González-Rodríguez y Vázquez-Yáñez, 2002; Vázquez-Yáñez y González-Rodríguez, 
2006; Vázquez-Yáñez, 2007; González-Rodríguez et al., 2008) y resultando en un 
adecuado establecimiento de la ración en todos los casos. Se analizó la calidad de la 
leche producida en todos los ensayos realizados y se observó cierta estacionalidad en 
los constituyentes químicos de la leche (Ensayo 4.2.2.). La lactosa mostró una menor 
variación anual mientras que la grasa fue la que mayor variación mostró y la proteína 
presentó un comportamiento intermedio en comparación con los otros dos 
constituyentes de la leche. Los contenidos de proteína, grasa y caseína alcanzaron 
valores mínimos en verano y máximos en invierno coincidiendo con la curva de 
lactación del rebaño lechero para partos agrupados en la primavera y pico de lactación 
en verano, según datos publicados por Heck et al. (2009).   
 En lo que respecta a los aspectos medioambientales de los sistemas en 
pastoreo, se consideraron los relativos al balance de N al animal (Ensayo 4.3.1.) y 
emisiones de óxido nitroso (Ensayo 4.3.2.) realizados en colaboración con otros 
equipos del CIAM. Las entradas y salidas de N de nuestros ensayos fueron mayores en 
los grupos de partos de primavera que en los de otoño debido a una mayor 
suplementación con concentrado en las vacas a inicio que a final de lactación durante 
la etapa de pastoreo. Estos valores fueron más elevados también en los rebaños 
sometidos a una alta carga ganadera que en los de baja carga. Los valores más altos de 
excreción de N se dieron en el período de inicio del pastoreo (con más 
suplementación) que al final. Las emisiones de óxido nitroso fueron mayores en las 
parcelas pastadas con alta carga ganadera (Báez-Bernal et al., 2009) que con baja 
carga, y  con los valores más elevados en los períodos de primavera y otoño.    
 A partir de los resultados obtenidos en esta Tesis se ha pretendido elaborar una 
serie de  implicaciones prácticas con la intención de transferir nuestros resultados al 
sector productor de leche de Galicia. En principio, conviene tener presente la idea de 
que “los sistemas sostenibles de producción de leche basados en el uso de los recursos 
de la explotación han de lograr una eficiente conversión de hierba en leche”. Para ello, 
-534- 
 
es preciso mantener una alta calidad del pasto a lo largo de las sucesivas rotaciones de 
pastoreo que, aún recurriendo a suplementación en momentos críticos de la lactación, 
repercuta en cantidad y calidad de leche producida para que el sistema resulte 
rentable y competitivo. El estudio actual de la mejora del perfil de ácidos grasos de la 
leche puede permitir un mejor futuro a las explotaciones gallegas gracias a poner 
directamente en el mercado un producto final con una calidad diferenciada y un alto 
valor añadido al presentar la leche de vacas en pastoreo unos niveles más altos de CLA. 
 Dentro de las implicaciones resultantes de esta Tesis se presentan algunas 
recomendaciones para el manejo del pasto por el ganadero como: (1) conocer la 
oferta de pasto y determinar las alturas pre- y post-pastoreo, (2) establecer un 
calendario de pastoreo, (3) adoptar prácticas adecuadas de manejo del pasto (carga 
ganadera, disponibilidad diaria de hierba por animal, etc.) para su explotación, (4) 
elaborar un presupuesto forrajero para conjugar las necesidades del rebaño lechero 
con la curva de crecimiento del pasto en su región y (5) mantener al mismo tiempo un 
pasto de calidad en las sucesivas rotaciones de pastoreo, para finalmente (6) lograr 
una leche de calidad con un mejor perfil de ácidos grasos de la leche producida. Se 
trata de ofrecer una imagen global del sistema productivo destacando los factores más 
determinantes para aprovechar el pasto de forma eficiente, tratando de maximizar la 
ingestión de hierba por animal y por ha al minimizar el consumo de alimentos 
comprados fuera de la explotación y que encarecen el precio de la ración. 
Una Tesis es siempre la continuación de una serie de trabajos recogidos en la 
bibliografía, realizados dentro de las líneas del centro donde se lleva a cabo, y acaban 
por surgir futuras líneas de investigación que nos atrevemos a proponer: (1) 
profundizar en la determinación de forma precisa y sencilla de la ingestión de hierba 
en pastoreo, (2) la búsqueda de las prácticas de manejo más adecuadas para 
aumentar la eficiencia de los sistemas productivos basados en los recursos de la 
explotación, con un buen conocimiento (3) de los efectos de la suplementación en 
pastoreo, evaluando la raza de vaca y el comportamiento animal, ajustados al sistema 
de producción, con el desarrollo en paralelo (4) de los mejores métodos de 
diagnóstico de la ración, la tecnología NIRS y la cromatografía de gases, para al final 
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(5) conseguir establecer el mejor perfil de ácidos grasos de la leche con los forrajes 
conservados y/o concentrados disponibles en la explotación, cuidando siempre (6) los 
aspectos medioambientales y finalmente (7) transferir los resultados al sector 




























































 From the results obtained in the six major experimental trials realized in 
collaboration with different European research institutes and the other research trials 
carried out in Spain with the participation of other research teams working at CIAM, 
the following SPECIFIC CONCLUSIONS were reached during the current Doctoral Thesis: 
1.- Pasture Intake under Grazing Management 
 The grazing management factors as stocking rate (SR), herbage mass (HM) and 
daily herbage allowance (DHA) are the key points to focus on at farm level. In order to 
adjust pasture dry matter intake (PDMI) to cow nutritional needs in pasture-based milk 
production systems, suitable for humid areas as Galicia (NW Spain), it is necessary to 
apply strategic supplementation at pasture during lactation, considering that changes 
on sward quality can affect grass feeding value across the grazing season. 
1.1.- Stocking Rate and Stage of Lactation 
The SR rather than be expressed as cows per hectare (ha), it should be defined 
in terms of the change in available feed or energy offered per animal within each 
treatment following the assumptions of other authors, in order to apply it in the future 
on farms differing in the genetic merit of their dairy cows, in their potential to produce 
grass and in their ability to import suitable supplements.  
Our results indicated that increasing SR at grazing, higher pasture intensity was 
achieved and this was associated with a reduction in DHA, leading to a non significant 
reduction in milk production per cow but a significant increase on sward and milk 
quality, in both spring and autumn calving dairy cows. The decrease in milk yield was, 
however, balanced by maintaining higher sward quality (lower dry matter and fiber 
content, and higher crude protein, carbohydrates and digestibility in the sward 
horizons) and higher herbage utilization, with lower post-grazing residuals, for 
achieving an adequate PDMI, enough to satisfy cow needs during most of the grazing 
season. From rotation 1 to 5, a small decrease on sward quality and milk production 
per cow was observed. Higher sward quality was maintained using high SR and higher 
milk production was performed by spring than autumn calving Holstein-Friesian cows. 
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In high producing cows or after calving is advisable to increase SR when animals are 
under grazing, mainly if supplements (silage/concentrate) are provided in the ration. 
1.2.- Sward Structure: Herbage Mass and Daily Herbage Allowance 
A key tool to achieve optimal milk output on a per-cow or a per-ha basis is to 
reach an adequate level of intake, PDMI, per animal by modifying swards structural 
characteristics through the application of different pre-grazing HM and DHA per cow.  
The results from this trial pointed the importance of using a high level of DHA 
enough to make possible the use of a low level of HM in the early part of the grazing 
season, by getting low post-grazing residuals and high herbage utilization. Combining 
high allowance DHA (20 over 15 kg DM/cow/day) with low herbage on offer HM 
(1,600 over 2,400 kg/ha), sward quality is improved, with lower stem and dead DM 
yield, higher PDMI and more milk yield and solids per cow and per ha, with an increase 
on body weight and body condition score per cow. As in the first trial, higher herbage 
utilization and sward quality enabled spring calving Holstein-Friesian dairy cows to 
reach higher levels of milk performance from grass. 
2.- The Grazing System 
 Choose the grazing system (grass and legume species, fertilizers, SR, grazing 
intensity, residence time and level/type of supplementation, etc.) more suitable for 
each region, depending on different grazing scenarios, is essential to cover cow 
requirements. It is also important to consider the type of cow (breed), calving pattern, 
stage of lactation, parity, grazing behaviour, etc. more adapted to the grazing system 
selected. This could be the way to express the cow potential for milk production and 
make an efficient exploitation of grass and conversion to milk in order to improve 
profitability and sustainability of low inputs pasture-based milk production systems.  
2.1.- Residence Time on Pasture, Supplementation and Type of Cow  
The results of this trial highlighted the need of applying good grazing 
management strategies at farm level; we evaluated the possibility of reducing the 
number of paddocks by increasing the surface at grazing. With less paddocks we have 
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the possibility of increasing the residence grazing time (around ten days) during the 
rotation, reaching a maximum of milk yield (MY max.) at day-four and a subsequent 
drop of milk yield (Dm) at day-ten. These peaks and drops were lower in Normande 
cows than in Holstein-Friesian cows, and in multiparous than in primiparous dairy 
cows. When both type of cows had supplementation at pasture, the highest peaks and 
the lowest milk drops were found. The sward height showed the greater decrease in 
the first four days of residence time in a paddock than in the remainder. The milk drop, 
after the long grazing residence time in a paddock, was recovered with a lower peak in 
the next ungrazed paddock, without compromising milk performance of both cow 
genotypes at both parities throughout lactation.  
2.2.- Feeding System on Cow Behaviour: Grazing vs. Confinement  
The dairy cow behavioral activities were studied under two contrasting milk 
production systems (grazing vs. confinement) and two dairy cow genotypes (Holstein-
Friesian vs. Jersey crossbreed) were investigated to know how animals adjust their 
daily time according to the milk production system selected. In our experiment, there 
were no differences between cow genotypes in any of the behavioral activities 
recorded. Dairy cows in the grazing system spent more time grazing to satisfy their 
energy requirements than cows feeding silage, in the confinement system, spent 
feeding. Confined animals were more time lying, standing and ruminating than those 
in the grazing system spent doing these activities. In any case, dairy cows adapted 
their daily time behavioral activities (independently of cow genotype) to the milk 
production system selected. 
3.- Milk Quality: The Fatty Acids Profile 
A new approach to the sustainability of pasture-based milk production systems, 
using available farm resources to reduce feeding costs, could be to improve the milk 
fatty acids (FA) profile of cows’ milk, with higher added value, and the best profit 




3.1.- Forage Source on Milk Fatty Acids Profile: Grazing vs. Silage 
 In our trial, the Holstein-Friesian cows grazing fresh grass, as the main forage 
source, produced milk fat with higher concentrations of conjugated linoleic acid (CLA) 
and polyunsaturated fatty acids (PUFA) than had cows fed with conserved forages 
feeding. The increase on CLA content in milk fat was proportional to the increased 
proportion of fresh grass in the diet of cows, when ranged from 100% silage to 50% 
silage and 50% grazing and, finally to 100% grazing in the ration. Greater seasonal 
variations in milk CLA content were found in Holstein-Friesian cows grazing 24-hours. 
In summer, the levels of CLA in milk fat of 100% grazing cows were three times higher 
than in cows feeding 100% silage and twice higher than in cows fed 50% grazing and 
50% silage in the ration. Fresh grass forage on grazing systems became, therefore, a 
determinant factor for a healthy milk FA profile, in our temperate Atlantic conditions. 
3.2.- Concentrate Source on Milk Fatty Acids Profile: Cottonseed vs. Barley 
 The concentrate source proved to be an effective nutritional strategy to modify 
the FA profile of raw bovine milk. In our trial, the milk protein content was reduced by 
using cottonseed compared to barley, as a supplement to feed dairy cows, at the high 
level of concentrate (7 kg DM/cow/day). The concentrate containing cottonseed 
enhanced, however, the levels of PUFA and linoleic acid in milk fat of confined 
Holstein-Friesian cows. These effects were not found using the low level of 
concentrate (5 kg DM/cow/day), due to there was a higher proportion of 
forage/concentrate in the ration, and cows showed lower body weight and milk yield. 
4.- Other Research Trials 
To have a full view of low inputs pasture-based milk production system in 
humid areas, some other aspects of grazing management practices, related to sward 
quality (measurement of sward heights, macronutrients content in mixed swards and 
rearing of dairy heifers at pasture) and milk performance (milk chemical composition 
and urea test) including also environmental aspects (cow N balance and N2O emissions 
from a rotational grazing system), were taken into account in the current Thesis. 
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4.1.- Assessment of Pasture on Offer, Sward Quality and Grazing Management  
Adequate measurements of sward heights adapted to local conditions are one 
of the best tools to be implemented by dairy farmers in order to establish daily 
herbage allowance per cow and to control herbage mass at farm level. In this Thesis, 
we have used the pasture ruler as a proper method for herbage mass determination. 
We have obtained an average value of r2=0.74 for the calibration dataset of mixed 
sward samples (perennial ryegrass and white clover species) existing at CIAM. 
The macronutrients content were determined in all our grazing mixed sward 
samples, using the NIRS calibrations developed at CIAM, contributing with our data to 
a better equation, showing a good quantitative prediction of Ca (with a RPD of 2.27) 
and approximately of P, Mg and K (with a RPD of 1.79, 1.66 and 1.95, respectively). 
Rearing dairy heifers at pasture from 8 to 22 months of age is the traditional 
system used at CIAM. Applying good grazing management practices to rearing heifers 
at farm was the aim in this trial using grazed and conserved grass, as the sole 
ingredients of the ration, with no concentrate supplementation. High levels of daily 
body weight gains were achieved by animals across the grazing season despite some 
variations due to changes on sward quality, in terms of sward structural characteristics 
and sward chemical composition, observed during the 14 months of animal growing 
period. This approach confirms that using good grazing management practices could 
be reduced the feeding costs of milk production by rearing heifers on farm with grass. 
4.2.- Milk Chemical Composition and The Urea Test 
On dairy systems, the major milk components are important for quality 
payments. In this trial, it was examined the seasonal variation in milk composition. The 
protein and fat milk constituents showed seasonal variations according to the diet. 
These milk components presented a minimum value in summer months, during the 
grazing period, and a maximum value in winter months, when more silage feeding was 
in the diet of our trials with Holstein-Friesian dairy cows. Our low summer values are 
close to the minimum paying rates; however, no changes were made in the ration.  
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Milk urea test was a very important issue in our trials, after proving to be a 
good index for the diagnosis of the dairy herd nutrition in several previous 
experiments carried out at the CIAM. We investigated the protein to energy balance, 
throughout the whole lactation, in all our grazing and silage feeding systems, providing 
always a good ration to cows. As a consequence of the results obtained by the CIAM 
and in collaboration with the LIGAL, this tool is now commonly adopted by Galician 
farmers, when they receive the data of milk composition, which helps to evaluate the 
formulation of the rations on dairy farms in our region. 
4.3.- Environmental Aspects of Pasture-Based Milk Production Systems 
The cow N balance should be taken in major consideration on dairy farms in 
terms of establishing N efficiency per cow depending on source of food. The N inputs 
and outputs per animal (g N/cow/day) were evaluated in one of our trials. These N 
values were higher in the spring when cows were at peak of lactation, with higher 
rates of supplementation at pasture, than in the autumn calving herds at the end of 
lactation. Both N values were higher in the high than in the low SR groups. The N 
excretion (g N/cow/day) was higher in the first period of the trial, with 
supplementation at pasture, than in the second period without supplementation. No 
differences were found in N excretion between dairy cows in a determinate grazing 
period differing in stages of lactation or applying different stocking rates.   
The N2O emissions were measured in our pasture-based milk production 
systems. Spring and autumn grazing seasons were the periods that contributed the 
most to the total N2O emissions from pastures, when the SR (cows/ha) increased a 
19%, in our trial, from a low (3.9) to a high (4.8) SR, the N2O emissions increased only a 
9.6%. Now the N balance and N2O emissions should be highly taken into consideration 
on dairy farms for caring about the environmental aspects of grazing systems.  
 The interaction between pasture and animal, is the key point researched on 
the current Thesis focused on the study of sustainable milk production systems in 
humid areas using available farm resources, which should be addressed by an 
integrative point of view taking into account the factors that affect dairy cattle needs 
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thought lactation, adjusting the cow nutritional requirements to the pasture growth 
curve for an efficient conversion of grass to milk. From results of this Thesis, the 
following GENERAL CONCLUSIONS can be established: 
1.- The intake of pasture per animal should be maximized when the main factors of 
the grazing system are controlled: 
1.1.- Sward Characteristics and Management of the Grazing System (grass and legume 
species, levels of fertilization, seasonality of grass production, grass growth interval, 
etc.) acting on grazing management system (stocking rate, grazing pressure, pre- and 
post-grazing sward heights, herbage mass and allowance, herbage utilization, etc.). 
1.2.- Pasture Quantity and Quality  pasture productivity (kg DM/ha), sward structure 
(proportions of leaf, stem and dead material), grass feeding value and sward chemical 
composition (dry matter content, crude protein, fibres, water soluble carbohydrates 
and digestibility) affecting daily pasture DM intake per animal and sward quality on 
subsequent grazing rotations. 
2.- The intake of pasture should satisfy herd requirements for a determinate level of 
production, according to the lactation curve of dairy cows: 
2.1.- Animal Characteristics and Herd Management (potential milk yield, body weight, 
body condition score, breed, parity, stage of lactation, fertility, etc. for each cow and 
calving pattern, type/level of supplementation at pasture, grazing intensity, animal 
behaviour, etc. for each herd) acting on needs of milk production for the system. 
2.2.- Milk Quantity and Quality (milk yield, protein, fat and lactose content) vary 
according to the cow stage of lactation conditioned by the seasonality of grass 
production and sward quality. Pasture-based milk production systems, using grass as 
the main forage source of nutrients, have a better milk fatty acids profile (less 
saturated and high levels of healthy unsaturated fatty acids and CLA), giving as a final 




All data presented in this Thesis were obtained from sustainable milk 
production systems using available farm resources in humid areas, mainly grazing grass 
and reducing supplementation at pasture, with the idea of transferring our results 
directly to Galician dairy farmers. A grass feed budgeting was performed adapted to 
the grassland conditions operating in the region, taking into account the stage of 
lactation of Holstein-Friesian dairy cows by using two calving dates (spring and autumn 
calving) and the grass growth curve (from one specific year), in order to conjugate 
grass supply with dairy herd requirements. The two calving dates might be assigned to 
high and low producing cows. The main ingredient of the ration in this feed budgeting 
is grass, as the cheapest source of nutrients for feeding dairy cows, due to its potential 
to be used during almost six months per year in Galician pastures. When grass is not 
available on the farm or sward quality is not appropriate to satisfy herd needs we 
consider adding supplements (silage/concentrate) in the ration in critical moments of 
the lactation as at peak. One of the main purposes of this Doctoral Thesis was to 
develop some guidelines of how to manage pastures, for reducing the feeding costs of 
milk production, and to increase the reliance on grass in cows’ ration for humid areas, 
to be applicable in Galician dairy farms to improve sustainability and profitability.   
CONCLUSIONES CAPÍTULO VI. 
 De los resultados obtenidos en los seis ensayos experimentales realizados en 
colaboración con diferentes centros de investigación europeos y los otros trabajos de 
investigación llevados a cabo en España con la participación de otros grupos de 
investigación trabajando en el CIAM, se obtuvieron las siguientes CONCLUSIONES 
ESPECÍFICAS durante la realización de la presente Tesis Doctoral:    
1.- Control de la Ingestión de Hierba a través del Manejo del Pasto 
 Los factores de manejo del pasto como la carga ganadera (SR), la oferta (HM) y 
la disponibilidad diaria de hierba (DHA) se consideran puntos clave sobre los que se 
puede actuar. En los sistemas de producción de leche basados en la utilización de los 
recursos propios de la explotación, aplicables a zonas húmedas como Galicia (NO 
España), para un aprovechamiento eficiente de los pastos es necesario ajustar la 
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ingestión de materia seca del pasto (PDMI) a las necesidades nutritivas de la cabaña 
lechera y aplicar una suplementación estratégica en pastoreo durante la lactación, 
considerando que los cambios que se produzcan en la calidad del pasto pueden afectar 
al valor nutritivo de la hierba durante la época de pastoreo. 
1.1.- Carga Ganadera y Estado de Lactación 
La carga ganadera, siguiendo las consideraciones efectuadas por varios autores, 
debería ser definida en términos de alimento disponible o energía ofrecida por animal, 
en vez de expresarse como vacas por ha en cada uno de los tratamientos. Esto 
facilitaría la interpretación de los resultados en el futuro y haría más factible la 
comparación entre explotaciones que difieran en el potencial genético de sus vacas, en 
su capacidad para producir hierba y en su disponibilidad  para incorporar suplementos.  
Los resultados de este ensayo indican que incrementando la carga, se logra una 
mayor intensidad de pastoreo y aunque esto va asociado con una reducción en la 
disponibilidad diaria de hierba y en la producción de leche por vaca, provoca un 
aumento en la calidad del pasto y de la leche, que fue significativo tanto en los rebaños 
de vacas con de partos de primavera como de otoño. Esta reducción en la producción 
de leche no fue significativa en nuestro caso, y se vio compensada por una alta calidad 
del pasto (bajo contenido en materia seca y fibras, y alto en proteína bruta, 
carbohidratos y digestibilidad) y una alta utilización de la hierba, con menores 
residuos post-pastoreo, y se lograron niveles adecuados de ingestión de pasto, 
suficientes para satisfacer las necesidades de la vaca durante la mayor parte de la 
época de pastoreo. Se observó un descenso en la calidad del pasto de la rotación 1 a la 
5 y en la producción de leche siguiendo la curva de lactación de las vacas. La calidad 
del pasto y la producción de leche se mantuvieron más altas al aplicar la alta carga, con 
una respuesta mayor en las vacas de partos de primavera que en las de otoño.  
1.2.- Estructura del Pasto: Oferta de Hierba y Disponibilidad Diaria de Hierba 
Una herramienta fundamental para lograr optimizar la producción de leche por 
vaca y por ha es alcanzar un nivel adecuado de ingestión de hierba por animal 
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modificando, para ello, las características estructurales del pasto a través de la 
aplicación de diferentes ofertas pre-pastoreo HM y disponibilidades  DHA por vaca.  
Los resultados de este ensayo ponen de manifiesto la importancia que tiene el 
uso de un nivel alto de DHA que haga posible la aplicación de un nivel bajo de HM 
durante la primera parte de la época de pastoreo, para lograr bajos residuos post-
pastoreo y alta utilización de la hierba. La combinación de alta disponibilidad DHA por 
animal (20 sobre 15 kg MS/vaca/día) con baja oferta HM por superficie (1 600 sobre 2 
400 kg/ha), produjo una mejora en la calidad del pasto, con menores contenidos en 
materia seca de tallos y material senescente, mayor ingestión de pasto y más 
producción y calidad de leche por vaca, y más sólidos por ha, con un aumento en el 
peso vivo y en la condición corporal de los animales. Como sucedió en el ensayo 
descrito anteriormente, una alta utilización de la hierba y una mayor calidad del pasto 
hicieron que las vacas Holstein-Friesian de partos de primavera alcanzasen altos 
niveles de producción de leche en pastoreo. 
2.- El Sistema de Pastoreo 
 Elegir el sistema de pastoreo (especies de gramíneas y leguminosas, 
fertilizantes, carga ganadera, intensidad de pastoreo, tiempo de residencia y 
suplementación en pastoreo, etc.) más apropiado para cada región, dependiendo de 
las diferentes condiciones de pastoreo, resulta esencial para cubrir los requerimientos 
nutricionales de los animales. Es muy importante también considerar el  genotipo de 
vaca (raza), fecha de parto, estado de lactación, comportamiento animal, etc. más 
adaptada al sistema elegido. Esta vía podría conseguir expresar el potencial 
productivo del animal, a través de una eficiente explotación de los forrajes verdes en 
pastoreo, que al final repercuta en una producción de leche más rentable y más 
sostenible para estos sistemas basados en bajos insumos. 
2.1.- Tiempo de Residencia en Pastoreo, Suplementación y Raza de Vaca  
Los resultados de este ensayo señalan la necesidad de aplicar buenas prácticas 
de manejo del pasto cuando las explotaciones lecheras se proponen reducir el número 
de parcelas a pastar y aumentar el área de las mismas. Con el incremento del tiempo 
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de residencia en las parcelas en pastoreo (entorno a 10 días), se logra un máximo  de 
producción de leche (MY máx.) que se alcanza al cuarto día y una subsecuente caída de 
leche (Dm) que se produce al décimo día. Estos picos y caídas de leche fueron más 
pronunciados en las vacas Normandas que en las vacas Holstein-Friesian, y resultaron 
mayores en las vacas multíparas que en las primíparas. Cuando los dos genotipos de 
vacas recibieron suplementación en pastoreo, los picos de producción fueron más 
elevados y las caídas de leche fueron menores. El descenso diario de la altura de la 
hierba fue mayor en los cuatro primeros días del tiempo de residencia en una parcela 
que en los restantes. La caída de leche, después del largo tiempo de residencia en una 
parcela, se recuperó al entrar el ganado en la siguiente parcela a pastar volviendo a 
alcanzar un nuevo máximo de producción, más bajo que el anterior, pero sin 
detrimento alguno de la producción de leche en ambos genotipos de vacas, en los dos 
estados de lactación, a lo largo de toda su curva de lactación.  
2.2.- Sistema de Alimentación en el Comportamiento Animal: Pastoreo vs. Establo  
Se estudiaron las actividades de comportamiento animal bajo dos sistemas de 
producción de leche (pastoreo vs. establo) utilizando dos razas de vacas (Holstein-
Friesian vs. Jersey mestizas) para conocer cómo los animales ajustan su ciclo diario en 
función del modelo de producción seleccionado. En nuestro  ensayo, no se observaron 
diferencias entre razas de vacas en ninguna de las actividades de comportamiento 
registradas. Las vacas en pastoreo pasaron más tiempo pastando para satisfacer sus 
requerimientos energéticos que las vacas en establo, alimentadas con silo, pasaron 
comiendo. Los animales estabulados dedicaron más tiempo a tumbarse, estar de pie y 
rumiar que los animales en pastoreo pasaron realizando estas actividades. En cualquier 
caso, las vacas adaptaron sus actividades diarias de comportamiento 
(independientemente de la raza) al sistema de producción de leche elegido. 
3.- Calidad de Leche: El Perfil de Ácidos Grasos 
Una nueva vía para conseguir rentabilizar los sistemas sostenibles de 
producción de leche, basados en el uso de los pastos y en un buen aprovechamiento 
de las superficies forrajeras, que además de reducir los costes de alimentación del 
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ganado vacuno podría también mejorar el perfil de ácidos grasos de la leche de vaca, 
para así lograr un mayor valor añadido y un beneficio directo al productor de leche.  
3.1.- Fuente de Forraje en el Perfil de Ácidos Grasos de la Leche: Pastoreo vs. Ensilado  
 En nuestro ensayo constatamos que las vacas lecheras Holstein-Friesian 
pastando hierba verde, como fuente de forraje, producen una grasa láctea con unos 
niveles más altos de ácido linoleico conjugado (CLA) y de ácidos grasos poliinsaturados 
(PUFA) que las vacas alimentadas en establo con forrajes conservados. El incremento 
en el contenido de CLA en la grasa láctea fue proporcional al aumento en la cantidad 
de hierba fresca en la ración, cuando los animales pasaron de una alimentación con 
100% silo a 50% silo y 50% pastoreo y, otra con 100% pastoreo. Se observó una gran 
variación estacional en el contenido de CLA en las vacas Holstein-Friesian que 
estuvieron pastando durante todo el día. En verano, los niveles de CLA en la grasa 
láctea de las vacas alimentadas con 100% de pasto fresco en la ración fueron tres 
veces superiores a los que presentaron las vacas alimentadas en establo con 100% de 
silo como forraje y dos veces superiores a los de las vacas que recibieron 50% pasto y 
50% silo en la ración. La hierba fresca sería, por lo tanto, el factor más determinante 
que condiciona el perfil de ácidos grasos de la leche en los sistemas basados en el 
empleo de los pastos, propios de las regiones templadas Atlánticas. 
3.2.- Fuente de Concentrado en el Perfil de Ácidos Grasos de la Leche 
 La fuente de concentrado demostró ser una efectiva estrategia nutricional para 
modificar el perfil de ácidos grasos de la leche de vaca. En nuestro ensayo, el 
contenido de proteína en leche se vio reducido para un nivel alto de concentrado (7 kg 
MS/vaca/día), al emplear semillas de algodón en comparación con el concentrado con 
cebada. El empleo de semillas de oleaginosas en el concentrado aumentó, sin 
embargo, los niveles de PUFA y ácido linoleico en la grasa láctea de las vacas Holstein-
Friesian estabuladas. Estos efectos no se observaron con una dosis menor (5 kg 
MS/vaca/día) de concentrado, con una mayor proporción de forraje/concentrado en la 




4.- Otros Trabajos de Investigación 
 Para tener una visión global de los sistemas de producción de leche con bajos 
insumos y basados en el empleo de los pastos presentes en las regiones húmedas, en 
esta Tesis se tuvieron en cuenta otros aspectos relativos a las prácticas de manejo del 
pasto para mejorar la calidad de la hierba (medida de las alturas del pasto, contenido 
de macronutrientes en muestras de praderas  mixtas y recría de novillas en pastoreo) y 
a la producción de leche (composición química de la leche y test de urea), incluyendo 
además los aspectos concernientes al medio ambiente (balance de N al animal y 
emisiones de N2O en un sistema de pastoreo rotacional). 
4.1.- Establecimiento de la Oferta y Calidad del Pasto y Manejo en Pastoreo  
Se deben adoptar adecuadas medidas para la determinación de la altura de la 
hierba, aplicadas principalmente a condiciones locales, dado que ésta sería una de las 
mejores herramientas que tendría el ganadero a su alcance para conocer la hierba 
disponible en su explotación y controlar la oferta de pasto por vaca. En esta Tesis, se 
empleó el medidor de pasto como el método más apropiado para la determinación de 
la altura de la hierba. Se obtuvo un valor medio de r2=0,74 para muestras mixtas de 
pasto (raigrás inglés y trébol blanco) incorporadas a la base de datos del CIAM. 
Para la determinación del contenido de macronutrientes en las muestras de 
praderas mixtas, se utilizaron las calibraciones NIRS desarrolladas por el CIAM en todas 
las muestras de pasto recogidas, contribuyendo con nuestros datos a una mejora de 
las ecuaciones existentes, mostrando una buena predicción de Ca (con un RPD de 2,27) 
y aproximada de P, Mg y K (con un RPD de 1,79, 1,66 y 1,95, respectivamente). 
La recría de novillas incluye el pastoreo desde los 8 hasta los 22 meses de edad 
del animal y es el sistema tradicional que utiliza el CIAM. Se planteó un ensayo 
teniendo como objetivo prioritario realizar un buen manejo del pasto, tomando datos 
del pasto y del rebaño, y usando solo hierba verde o ensilada como ingredientes de la 
ración, sin recurrir a la suplementación con concentrado. Se lograron altas ganancias 
diarias de peso vivo en los animales a pesar de algunas variaciones, durante los 14 
meses que constituyeron el período de estudio, que se atribuyeron a cambios en la 
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calidad del pasto, tanto de sus características estructurales como de la composición 
nutricional de la hierba, a lo largo de la época de pastoreo. Se puede confirmar que a 
través de un buen manejo del pasto se reducen los costes de alimentación del ganado, 
con una recría en la propia explotación basada en el aprovechamiento de la hierba. 
4.2.- Composición Química de la Leche y Test de Urea  
El control de los componentes mayoritarios de la leche es importante para su 
pago por calidad. En este ensayo, se examinó la variación estacional en la composición 
de la leche en nuestro sistema de producción. Los contenidos de proteína y grasa 
presentaron grandes variaciones en función de la época del año y la ración recibida, 
con valores máximos en invierno cuando las vacas Holstein-Friesian eran alimentadas 
con silo y mínimos en verano durante la época de pastoreo. A pesar de aproximarnos 
al límite de calidad de pago penalizable, no se efectuaron cambios en la ración.  
El contenido de urea en leche fue un importante parámetro que se tuvo muy en 
cuenta en nuestros ensayos, después de haber demostrado en varios experimentos 
previos realizados en el CIAM, ser un buen índice para el diagnóstico de la nutrición del 
rebaño lechero. Se investigó el balance proteína y energía, a lo largo de toda la 
lactación, en los grupos de vacas alimentadas tanto en pastoreo como con ensilado, 
dando resultados satisfactorios que no precisaron correcciones de la ración en ningún 
momento del ciclo productivo. Como consecuencia de los resultados obtenidos por el 
CIAM y en colaboración con el LIGAL, esta herramienta está siendo adoptada en la 
actualidad por los ganaderos gallegos de forma rutinaria, al mismo tiempo que reciben 
el análisis de la composición química de la leche, para evaluar la formulación de las 
raciones en las explotaciones lecheras de nuestra región. 
4.3.- Aspectos Medioambientales de los Sistemas de Producción de Leche en Pastoreo  
 El balance de N en el animal debería de ser tenido en mayor consideración en 
las explotaciones lecheras como un medio para establecer la eficiencia de utilización 
del N por la vaca en función de la fuente de alimentación empleada. En uno de 
nuestros ensayos se determinaron las entradas y salidas de N en el animal (g 
N/vaca/día), dando un balance de N al animal mayor en las vacas con partos de 
-552- 
 
primavera que en las de otoño, debido a niveles superiores de suplementación en 
pastoreo de las vacas en el pico de lactación frente a las de final del ciclo. Ambos 
valores de N fueron mayores en los grupos sometidos a alta carga que en los de baja. 
El N excretado (g N/vaca/día) fue más alto en el primer período del ensayo, con 
suplementación en pastoreo, que en el segundo período sin suplementación, no 
observándose diferencias entre vacas en distintos estados de lactación o entre grupos 
con diferentes cargas. 
 En lo que respecta a la determinación de las emisiones de N2O en sistemas de 
producción de leche en pastoreo, se encontró un aumento del 9,6% en éstas, cuando 
la carga ganadera (vacas/ha) de nuestros ensayos se incrementó un 19%, pasando de 
baja (3,9) a alta (4,8). Las dos estaciones de pastoreo, primavera y otoño, fueron las 
épocas del año que más contribuyeron a las emisiones de N2O en los pastos, siendo 
éste un aspecto que hay que sopesar en el establecimiento de estos sistemas. 
 La interacción entre pasto y animal, es el punto clave de la investigación 
realizada en la presente Tesis sobre el estudio de sistemas sostenibles de producción 
de leche en regiones húmedas basado en el empleo de los recursos de la explotación, 
que trata de ser abordado desde una visión integradora teniendo en cuenta los 
factores que satisfacen las necesidades del rebaño lechero a lo largo de la lactación, 
ajustando los requerimientos nutritivos de la vaca a la curva de crecimiento del pasto 
y, con ello, conseguir en definitiva una eficiente conversión de hierba en leche. A partir 
de los resultados obtenidos en esta Tesis, se establecieron las siguientes 
CONCLUSIONES GENERALES:  
1.- La ingestión de pasto por animal debe maximizarse controlando los principales 
factores del sistema de pastoreo: 
1.1.- Características del Pasto y Manejo del Sistema de Pastoreo (especies de 
gramíneas y leguminosas, niveles de fertilización, estacionalidad en la producción de 
hierba, intervalo de crecimiento del pasto, etc.) actúan sobre el manejo del pasto en 
un sistema de pastoreo (carga ganadera, presión de pastoreo, alturas de hierba pre- y 




1.2.- Cantidad y Calidad de la Hierba producción de pasto (kg MS/ha), estructura 
(proporciones de hojas, tallos y material senescente) y valor nutritivo de la hierba en 
función de su composición química (contenido de materia seca, proteína bruta, fibras, 
carbohidratos solubles en agua y digestibilidad) afectan a la ingestión diaria de MS del 
pasto y la calidad de la hierba en las subsecuentes rotaciones de pastoreo. 
2.- La ingestión de pasto por el rebaño debe dirigirse a satisfacer las necesidades del 
animal para un determinado nivel de producción, ajustando los requerimientos de la 
vaca a su curva de lactación: 
2.1.- Características del Animal y Manejo del Rebaño (potencial de producción de 
leche, peso vivo, condición corporal, raza, número de lactación, estado de lactación, 
fertilidad, etc. a nivel individual y fecha de parto, tipo/nivel de suplementación en 
pastoreo, intensidad de pastoreo, comportamiento animal, etc. del rebaño) actúan 
sobre las necesidades de producción de leche del sistema. 
2.2.- Cantidad y Calidad de la Leche (producción de leche, contenido de proteína, grasa 
y lactosa) varían según el estado de lactación del animal condicionado por la 
estacionalidad en la producción y calidad del pasto. Los sistemas de alimentación en 
pastoreo, que usan la hierba como principal fuente de nutrientes, tienen un mejor 
perfil de ácidos grasos (menos saturados y niveles altos beneficiosos de insaturados y 
de CLA) en leche, dando como resultado final un producto de alto valor añadido 
producido en la propia explotación. 
 Todos los datos presentados en esta Tesis han sido obtenidos en sistemas 
sostenibles de producción de leche utilizando los recursos de la explotación en 
regiones húmedas, mayoritariamente la hierba verde y reduciendo la suplementación 
en pastoreo, con la idea de transferir nuestros resultados directamente a las 
explotaciones gallegas productoras de leche. Se elaboró un presupuesto forrajero 
adaptado a las condiciones de pastoreo existentes en la región, teniéndose en cuenta 
el estado de lactación de las vacas Holstein-Friesian con dos fechas de parto 
(primavera y verano) y la curva de crecimiento de la hierba (para un determinado año), 
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tratando de conjugar el suministro de hierba con las necesidades del rebaño en toda la 
lactación y en el período de secado. Las dos fechas de parto del rebaño podrían ser 
asignadas a grupos de alta y baja producción. El ingrediente principal de la ración es la 
hierba, por ser la fuente más barata de nutrientes que existe para alimentar a las vacas 
lecheras, debido a su potencial de aprovechamiento durante por lo menos seis meses 
al año en los pastos de Galicia. Cuando no hay hierba disponible en la explotación o la 
calidad del pasto no es apropiada se añaden suplementos (silo y/o concentrado) en la 
ración en momentos críticos de la lactación como en el pico de producción. Uno de los 
principales fines con los que se realizó esta Tesis Doctoral fue desarrollar 
recomendaciones prácticas sobre cómo manejar los pastos, para reducir los costes de 
producción de leche, y aumentar la confianza en el pastoreo como el principal 
alimento de las vacas lecheras en zonas húmedas, para su aplicación en las 
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